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tematic analysis  have  been  changed  in  some  places  and  new  pro- 
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William  T.  Hall. 

Massachusetts  Institute  of  Technology, 
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PREFACE  TO  THE  WH'RTII  ENGLISH  EDITION 


German  text  upon  whii.li  this  book  is  based  was  written  by 
an  American  who  taught  For  many  years  at  Zurich.  The  first  Eng- 
lish edition  appeared  as  an  authorized  translation  by  one  who  had 
been  teaching  analytical  chemistry  for  only  three  yean  at  that  time, 
It  was  translated   largely   a-    :i    re-,  nil    nl   .i   ehanre   r<-lu:trk   ul    hi*    r 

ant,  K.  \Y.  Baleom,  who  deplored  I  be  fuel  thai  the  students  conk]  not 
read  German  readily  enough  to  make  use  of  the  German  text  as  a 
rcferenee  book.  At  thai  time,  the  translator  was  uxiujr,  jus  he  has 
ys  used,  the  excellent  book  of  A.  A.  Noyes  as  a  laboratory 
manual  in  Qualitative  Analysis  and  the  extremely  useful  text  of 

EL  P,  Talbot  for  the  preliminary  work  in  Quantitative  Analysis,  The 
result*  obtained  by  asking  the  students  to  purchase  both  volumes 
of  toil  book  in  addition  have  been  exceedingly  gratifying.  Better 
examination  papers  have  resulted  and  there  have  been  fewer  unneces- 
que.-stions  ;i  - !<■  ■■  1  in  the  laboratory. 
Recently  Professor  Noyes  has  greatly  changed  his  text  on  Quali- 
tative Analysis  and  1 1 » i .-=  has  unquestionably  bad  considerable  influence 

Upon  the  preparation  of  the  fourth  English  edition  of  this  book.  It 
has  been  so  thoroughly  revised  and  so  largely  rewritten  thai  it  is  no 
longer  fair  to  Professor  Treadwell  to  publish  the  book  u  a  literal 

■ation,  although  the  writer  remains  in  thorough  sympathy  with 
Professor  Trcadwell's  views  and  does  not  wish,  in  any  way.  to  dis- 
claim the  great benefit  and  Inspiration  be  b  is  derived  from  close  study 

Of   the   original    hM.      !!■     must,    however,   express   his   obligation    I.. 

other  texts,   particularly   to   those  of   Novo,   Stieglitz,   Uottgcr,   and 

aid.  from  which  many  of  the  ideas  introduced  into  this  text  have 

arrowed.     The  general  plan  of  the  book  has  been  kepi  (hi   same, 

but  greater  strew  has  been  laid  upon  I  he  theorel  ical  side  of  the  subject, 

particularly  with  regard  It.  the  applications  of  the  mass  action  pnn- 

eiph-,  the  ionisatioD  theory,  and  the  theory  of  oxidation  and  reduction. 

The    translator    wishes    to    acknowledge    hi-    indebtedness   to    Mr. 

Donald  Belcher,  who  has  read   all    the   proofs  of  this  edition  and 

■  i  many  valuable  suggestions, 

William  T.  Hall. 

M  AB8ACHU8ETT8    INSTITUTE    Of     1/      BM    ILOOV, 

lehruary.  1916. 
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PREFACE  TO  THE  FIRST  EDITION 


Having   lwen    repeatedly    requested   by    former    pupils   In   puhlMi 

the  lectures  on  Analytical  Chemistry  given  by  mo  at  this  Institute 

■    1882,  and  nut  having  time  than  to  do  it  myself,  1  permitted 

the  "Verein  der  Polyteehnikor  "  in  1885  to  print  in  manuscript  form 

the  notes  of  one  of  my  students. 

This  output   I   with  auea  a  Friendly  recaption  that  in  1888  a 

second  edition  Ix-cmnfl  necessary.  Subsequently  I  decided  to  re  vise 
material  thoroughly  and  publish  it  in  book  form;  this  text-book 
1  i  t iy  represents,  therefore,  a  somewhat  amplified 

repetition  of  my  lectures. 

The  book  is  intended  not  only  for  laboratory  use  but  also  for 
with  each  element  the  mineralogioal  occurrence,  crys- 
talline form,  and  isomorphous  relations  are  briefly  mentioned.  Then, 
after  explaining  the  reactions,  the  methods  of  separation  are  given 
in  the  form  of  tables;  because,  contrary  to  the  views  of  many,  I  have 
in  this  way  obtained  the  best  results  in  teaching.  These  tables  are 
summarized  charts  by  which  the  student  can  quickly  find  Ins 
bearings. 

Much  weight  is  placed  upon  the  determination  of  tho  sensitive- 
ness of  the  single  reactions,  as  explained  on  page  78,  because  in 
this  way  the  beginner  becomes  at  once  familiar  with  the  solubility 
of  the  most  Important  salts,  and  also  with  simple  stoichiomctricul 
calculations.  The  approximate  solubility  of  potassium  chloroplatin- 
ate.  for  example,  is  found  from  the  following  determination  of  the  sen- 
a  of  the  reaction  bj  which  it  is  formed: 

If  HKI  <r  of  the  solution  contain  ().]."('>  fin.  potassium,  one  funis 
that  the  formation  of  the  ehloroplat.inate,  at  ordinary  temperatures, 
takes  place  only  on  addition  of  a  little  alcohol;  but  on  increasing 
.-lightly  the  amount  of  potassium  in  the  solution,  it  takes  place  imme- 
diately. We  can,  therefore,  assume  that  the  solution,  which 
tains  0.156  gin.  of  potassium  per  Kio  re.  water,  i  saturated  with  chloro- 
platinate:   hence  the  amount  of  the  latter  may  bo  calculated: 

Iv-  :  KjPtCl,  =  0.150  :x; 
78.3  :  485.8  =  0.156  :  x; 
x  =  0.07 
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The  result  shows  that  100  cc.  of  water,  at  ordinary  temperatures, 
dissolve  0.97  gm.  of  KjPtCU,  while  accurate  determinations  at  20°  C. 
have  given  the  value  1.12.  The  difference,  about  12  per  cent,  is 
explained  by  the  facts  that  we  did  not  work  at  exactly  20°  C,  nor 
with  absolutely  pure  water;  the  solution  also  contains  an  excess  of 
chloroplatinic  acid,  whereby  the  solubility  of  the  potassium  chloro- 
platinate  is  diminished;  evidently  the  values  obtained  in  this" 'way 
permit  a  very  good  comparison  of  the  solubilities  of  the  different 
salts.  From  the  sensitiveness  of  the  reaction  between  a  potassium 
salt  and  tartaric  acid,  the  solubility  of  the  potassium  acid  tartrate 
may  be  found  to  be  0.38;  so  that  the  solubility  of  the  potassium 
chloroplatinate  is  to  that  of  the  potassium  acid  tartrate  as  0.97  :  0.38; 
the  potassium  tartrate  is  about  three  times  as  insoluble  as  the  chloro- 
platinate, etc. 

The  size  of  the  book  does  not  permit  going  into  the  microchemi- 
cal  detection  of  the  different  elements.  We  have,  however,  in  the 
excellent  work  of  H.  Behrens,  "Anleitung  zur  mikrochemischen 
Analyse,"  a  reference  book  of  the  highest  rank. 

In  publishing  this,  the  first  volume  of  the  work,  I  beg  of  my  col- 
leagues and  fellow  chemists  to  kindly  inform  me  of  any  errors  or 
omissions. 

F.  P.  Tkeadwell. 

Zurich,  April  29,  1890. 
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Qualitative   Analysis 


PART  I.    GENERAL  PRINCIPLES 

Analytical  Chemistry  covers  all  those  operations  which  are  per- 
form* I  id  order  ti>  ili' i.i  ii  i  mi-  (lie  consi  it  units  of  a  chemical  compound 
lora  mixture  of  chemical  compounds).  Analytical  Chemistry  is  suh- 
'livnled  into  Qualitative  Analysis  and  Quantitative  Analysis. 

Qualitative  Analysis  treats  of  the  methods  for  determining  the 
nature  of  the  constituents  of  a  substance.  Quantitative  Analysis 
treats  of  the  methods  for  determining:  in  what  proportion  the  con- 
•iitiieots  are  present,  in  any  compound  or  mixture  of  eompounds. 

In  order  to  recognize  a  substance  we  change  it,  usually  with  the 

htlp  of  another  substance  of  known  nature,  into  a  new  compound 

possesses    distinctive    properties.     This    transformation    wo 

ciU  a  chemical  reaction;    and  the  substance  by  means  of  which  the 

reaction  is  brought  about,  the  reagent. 

We  distinguish  between  reactions  in  the  wet  way  and  mictions  in 
the  dry  way. 

PI.    Kfartinn.s  in  the  Wet  Way 
For  the  purpose  of  qualitative  analysis  only  such  reactions  are 
Applicable  as  arc  easily  perceptible  to  our  senses.     A   reaction  is 
known  to  take  place  —  (a)  by  the  formation  of  a  precipitate;    (rV)  by 
a  change  of  color;    (c)  by  the  evolution  of  a  gas.     In  other  words, 
the  aense  of  sight  is  used  chiefly  in  qualitative  analysis  and  most  of 
•Aa-   reactions   employed   are    visual    ones,     The   so  DM   of   msD    also 
aids  in  identifying  many  substances.    Thus  the  vapors  of  hydrogen 
sulfide,    hydrogen    cyanide,   bromine,    earbon   disulfide   and   a   great 
many  other  substances  have  very  characteristic  odors.     Some  of  these 
vapors  are  poisonous,  so  that  in  trying  the  odor  it  is  best  to  waft 
a  little  of  the  vapor,  by  a  motion  of  the  hand  over  the  substance 
to  be  tested,  in  such  a  way  that  the  vapor  reaches  the  dobI  rib  greatly 
diluted  with  air.     The  sense  of  taste  is  sometimes  useful,  but  is  rarely 
employed  on  account  of  the  danger  of  poisonous  effects.     The  sense 
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of  touch  sometimes  furnishes  a  little  aid;  thus  graphite  has  a  peculiar, 
greasy  feeling,  and  paralysis  of  the  tongue  or  eyelid  is  temporarily 
imparted  by  tin1  alkaloid  cocaine  and  certain  allied  substances. 

When  an  aqueous  solution  of  barium  chloride  is  mixed  with  dilute 
sulfuric  acid,  a  white  crystalline  precipitate  of  barium  sulfate  forms: 

RaCls  +  H.S04  =  2HC1  +  BaSO«. 

A  precipitate  of  identically  the  same  chemical  composition  can  be 
formed  from  any  other  soluble  barium  salt  or  by  using  a  solution  of 
any  soluble  sulfate  instead  of  sulfuric  acid. 

The  addition  of  a  little  silver  nitrate  to  an  aqueous  solution  of 
barium  chluridc  causes  the  formation  of  a  white,  curdy  precipitate 
of  silver  chloride  which  darkens  on  exposure  to  light : 
BaCl,  +  2AgNO,  =  Ba(NO,),  +  2  AgCl. 

The  same  precipitate  is  formed  when  hydrochloric  acid  or  any  other 
chloride  is  used  instead  of  the  barium  chloride  and  when  any  other 
soluble  silver  salt  is  used  instead  of  silver  nitrate. 

In  the  same  way  there  are  certain  properties  which  are  shown  by 
aqueous  solutions  of  all  acids.  Blue  litmus  is  turned  red,  carbonates 
arc  decomposed  with  effervescence,  and  metals  are  dissolved.  These 
so-called  acid  properties  are  due  to  the  hydrogen  of  acids,  which  be- 
haves in  an  essentially  different  manner  than  I  he  hydrogen  of  other 
compounds. 

Bases  also  show  certain  characteristic  reactions  which  can  be 
traced  to  the  bydroxyl,  OH,  that  they  contain.  An  aqueous  solution 
of  a  base  turns  red  litmus  blue  and  reacts  with  the  hydrogen  of  an  acid 
to  form  water. 

The  aqueous  solutions  of  acids,  bases  and  salts,  therefore,  show 
reactions  which  are  characteristic  not  so  much  of  the  dissolved  sub- 
-i.i m-e  as  a  whole  as  of  its  constituents.  This  is  a  very  important 
point.  It  ■•liable*  us  to  test  for  the  constituents  of  a  solution  more 
or  less  independently  of  what  other  constituents  may  be  present.  We 
can  test  for  barium  in  just  the  same  way  whether  it  is  present  as 
ohlonde  or  as  nitrate,  and  we  can  test  for  chlorine  by  the  same  reagent 
no  matter  whether  the  chlorine  was  originally  present  as  hydrochloric 
acid  or  as  some  other  chloride.  This  is  quite  remarkable,  because  the 
chemical  properties  of  a  compound  are  usually  quite  different  from  the 
sum  of  the  properties  of  its  constituents.  The  properties  of  the  chemi- 
eti  compound  water  show  little  similarity  to  the  properties  of  either 
hydrogen  or  oxygen  gas.  The  properties  of  sodium  iodide  are  quite 
different  from  those  of  mcl:.  I  lie  -indium  and  of  free  Iodine  and  bhoMOf 
potassium  chlorate  are  quite  distinct  from  the  properties  of  the  potaa- 
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Hum,  chlorine  and  oxygen  which  it  contains.  Aqueous  solutions  of 
acids,  bases  and  salts,  however,  actually  do  show  additive  properties, 
i.e.,  sodium  chloride  in  solution  shows  properties  winch  the  .sodium 
of  any  other  sodium  salt  will  show,  plus  other  properties  which  any 
other  chloride  will  show.  This  suggests  the  hypothesis  that  the 
aqueous  solution  of  an  acid  must  contain  the  acid  hydrogen,  to  BOOM 
extent  at  least,  in  the  same  condition  as  in  the  aqueous  solution  of 
any  other  acid;  that  an  aqueous  solution  of  a  base  must  contain  a 
at  least  of  itfl  hydroxyl  in  the  same  condition  as  the  aqueous 
solutions  of  any  other  base;  and  that  the  metals  and  non-metals  of  salts 
must  be  present  in  very  much  the  same  condition  irrespective  of  the 
uature  of  the  original  salt.  This  would  mean  that  when  the  acid, 
the  base,  or  the  salt  is  dissolved  in  water,  it  is  decomposed  to  some 
extent  into  smaller  units. 

Not  only  the  chemical  but  also  the  physical  behavior  of  aqueous 
solutions  of  acids,  bases  and  salts  indicates  that  the  constituents  are 
present  in  a  condition  such  that  they  may  react  independently. 
The  boiling-point  of  a  solution  of  sugar  in  water  is  higher  and 
it*  frcosing-jwint  lower  than  that  of  pure  water.  It  has  been  found 
that  the  rise  in  boiling-point  and  lowering  of  the  freezing-point 
is  proportional  to  the  number  of  inoUvule.s  of  dissolved  substance 
present.  This  rule  holds  so  exactly  for  solutions  of  organic  sub- 
stance* dissolved  in  organic  solvents  that  it  serves  for  the  deter- 
mination of  molecular  weights.  When,  however,  it  is  attempted  to 
i  mine  the  molecular  weight  of  an  acid,  a  base,  or  a  salt,  by  deter- 
mining the  boiling-point  or  the  freezing-point  of  its  aqueous  solution, 
it  is  found  that  the  molecular  weight  thus  found  is  always  too  BmaQ. 
In  other  words,  a  study  of  the  boiling-point  or  freezing-point  of  acids, 
base*  and  salts  indicates  that  the  original  molecules  of  the  acid,  base 
or  salt  have  been  more  or  less  split  up  into  units  smaller  than  the 
original  molecule. 

Finally  the  electrical  behavior  corroborates  this  view.  It  is  well 
known  that  substances  behave  differently  toward  the  electric  cur- 
rent; some  are  conductors  of  it  and  others  are  non-conductors. 
Metals  are  good  conductors  and  sulfur  is  a  non-conductor.  Again, 
the  conductors  are  divided  into  two  classes.  Metals  belong  to  the 
first  class  and  conduct  electricity  without  experiencing  any  change 
pi  that  thej  become  warmer.  Conductors  of  the  second  class 
are  chiefly  aqueous  solutions  of  acids,  bases  and  salt*.  Simultaneous 
with  the  conduction  of  the  current  they  undergo  a  chemical  change, 
and  decomposition  products  are  obtained  at  each  electrode. 
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If  we  insert  between  t  In-  polr*  of  an  «•!■  -<-t  iic  Lutti-ry  a  piece  of 
rock  salt  or  some  pure  distilled  water,  there  will  be  no  electric 
current  in  the  oircuit;  a  piece  of  fine  platinum  wire  placed  iii  the 
circuit  will  not  be  made  to  glow.  The  solid  rock  salt  and  the  dis- 
tilled water  arc  non-conductors  of  cln  trn-ilyj  I  h.-v  ure  non-ch-rtro- 
lytr*.  If,  however,  we.  dissolve  rock  wilt  in  (list  i  lied  water,  and  I  lien 
ft  the  solution  between  the  poles  of  the  electric  battery,  the 
platinum  irira  will  be  brought  to  a  bright  glow,  showing  that  1  la- 
unit  solution  jh  a  good  conductor  of  electricity  —  it  is  an  electrolyte.  It 
is  thereby  proved  that  by  dissolving  the  non-conducting  rock  salt 
in  non-conducting  water  an  essential  change  of  toe  format  baa  lakes 

place.  We  can  make  the  same  observation  with  all  acids,  buses 
and  -salts.  In  an  anhydrous  state  they  arc  non-elect rolytcs,  while 
in  aqueous  solution,*  on  the  other  liuud  they  :ir<-  i-l.frtndyl.rs.  These 
phenomena  arc  readily  explained  by  the  theory  of  electrolytic  dis- 
sociation proposed  by  Arrhenius  t  in  1887.  According  to  this 
theory,  ill  electrolytes  arc  partially  decomposed  in  aqueous  solution 
into  electrically  charged  atoms  or  atom-groups  called  ions;  and  the 
extent  of  this  ionization  increases  with  dilution,  until  with  very  great 
dilution  it  is  practically  complete. t  For  every  degree  of  dilution 
there  exists  a  certain  state  of  equilibrium  between  the  ions  and  un- 
dissoeiatcd  molecules. 

When  the  imu-dcrtnilytr  rock  salt  is  dissolved  in  water,  it  breaks 
up,  according  to  the  equation 

NaCI?=tNa+  +  Cl- 

into  positively  charged  sodium  ions  and  negatively  charged  chloride 
iocs.} 


•  They  are  abw  electrolytes  in  the  fused  state. 

t  Z.  |/hy-  Chan    I  S  I 

J  There  are  exceptions  to  the  general  rule  that  ionization  bontSM  with  the 
dilution.  Solium  chloride,  for  example,  appear*  to  be  incompletely  ionized  in  m 
aqueous1  lolulioti  containing  about  00  gram*  per  lit«-r  lint  tin-  extent  of  tin-  umixa- 
KieroMW  upon  concentrating  the  solution  us  well  ax  ii]>on  .hinting  it.  A  con- 
centrated notation  of  mxlium  chloride  us  well  as  a  very  dilm.-  MM  ippail -nt  ly  con- 
tain* the  salt  in  a  completely  ioni/ed  RtStt.  ("f.  NOTBB  nnd  M  U  ImrBS,  if.  Am. 
Cftwa.  Bee.  48,  239  (1680);  I  '  '■■•'".  MA,  42,  1-123  (1920). 

\  Miiiiy  ntlBW WtB  pri-f-T  if.  -icigmii*-  tin  positive  ions  by  small  dot*  and 
|ha  :  :i.  u   hy  small    inclined   dashes.     The    tbov*    .<|iuition  is    then  written: 
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Nearly  ull  salts,  acids  and  bases  behave  like  rock  salt.  Thus  sodium 
sulfate  decomposes  according  to  the  equation 

Na*SO<  f*  Na+  +  Na+  +  SO", 
and  sodium  hydroxide  into 

NaOH?=±Na+  +  OH-. 

By  this  theory  of  electrolytic  dissociation  the  phenomena  of  elec- 
trolysis may  be  explained  very  simply:  If  we  insert  the  two  poles  of  a 
source  of  electricity  into  an  electrolyte,  one  of  tin  poles,  the  anode, 
largcd  with  positive  electricity,  and  the  other,  the  osuhoda,  v,  iih 
negative  electricity^  The  clcctro-po-itivo  anode  repels  the  elect  m- 
icntions)  and  attracts  the  electronegative  ions  (anions); 
and  the  latter,  as  soon  as  they  come  in  contact  with  the  anode,  give 
up  their  negative  electricity,  become  ueutrul  and  separate  out.*  The 
•ante  thing  happens  at  the  cathode,  where  the  elect ro-poailivc  ions 
(cations)  arc  discharged.  The  quantities  of  electricity  which  are  neu- 
tralized at  the  electrodes  nre  :\\\\  <;.  ■  renewed  by  the  source  of  the 
current,  so  that  the  process  is  continuous. 

The  electric  charge  on  one  atomic  weight  in  grams  of  a  univalent 
too  is  96,600  COUlombe;  t  on  Mi  atomic  weight  in  grams  of  a  biva- 
lent ion  the  charge  is  twice  as  much,  and  on  a  trivalent  ion  three 
times  as  much.  To  deposit  one  atomic  weight  in  grams  of  silver  at 
the  cathode,  therefore,  it  is  necessary  for  96,500  coulombs  of  elec- 
tricity to  pass  through  the  solution,  and  there  will  be  a  simultaneous 
barge  of  .in  equivalent  weight  of  anion  at  the  anode.  One 
coulomb  is  the  quantity  Of  electricity  which  is  represented  by  the 
flow  of  1  ampere  for  one  second;  96,500  coulombs,  therefore,  represent 
96,500  ampere  seconds  or  26.8  ainpere  hours. 

The  transport  of  electricity  in  aqueous  solutions  takes  place  only 
by  means  of  the  lone;  the  uinli-sociated  molecules  take  no  part  in  the 

it'-;    -.      The   concent  ration   of   ihr  ion-  and  the  conductivity    of  the 

■ohitJoB  are  quantities  which  arc  proportional  to  one  another,    it 

Ik Tcfore,  to  determine  the  extent  to  which  a  solution  is 

*  The  ion  (lint  carries  (lie  current  from  our.  electrode  to  the  other  i*  nn(  nlu  :r 
diw-harp-d  *t  ilflilestitiaiinri      Sometimes  It  r.  m.  with  the  elect  ro.h'  which  i  1k-i  il  vi- 
and KMnrtimre  it  u  easier  to  set  fn  ■■  I. y. !i  ..,•,•  n  -mi I  myiten  fiom  u.ttef  than  it  is  to 

discharge  Ihc  km  that  carried  the  current  Thus,  in  the  electrolysis  of  n 
rhlondr  M>luti»ii.  there  w  no  sodium  fonn.il  ;,t  the  cathode,  except  when  the  latter 
c-nnainta  of  mercury,  because  it  a  rauiei  to  Ret  free  tiydrogea  froat  Hates  than  to 
discharge  sodium  ions.  II  tinj  fn-i  sodium  acre  formed  it  would  at  QOOt  meet 
mtef.  With  ;>  mcrrurj  •  it I ». ••  I • .  however,  sodium  amalgam  may  I"-  fanned, 
t  This  quant  ii  |  od  felt  trir.it]  i  railed  one  Faraday.  Ric  value  M  glfen  h  net)U* 
rat*  for  three  sinnifieant  figures  only 
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dissociated  into  its  ions  by  measuring  the  electrical  conductivity  of 
the  solution. 

The  laws  governing  electrolysis  were  well  understood  by  Michael 
Faraday  in  1834,  und  he  Rave  the  name  of  ions  to  those  parts  of  the 
solution  which  migrate  toward  the  electrodes  (cf.  p.  10).  The 
positive  electrode  is  called  the  aiuxU  and  the  negatively  charged  ion 
which  is  attracted  toward  it  is  called  the  anion;  the  negative  electrode 
is  called  the  cathode  and  the  positively  charged  ion  which  is  attracted 
toward  it  is  called  the  cation.  In  Faraday's  time  it  was  thought 
that  the  first  action  of  the  electric  current  was  to  decompose  the 
molecules  of  the  substance  into  the  ions.  About  188">  Arrhenius 
made  the  simple  observation  that  all  those  solutions  in  which  the 
dissolved  substances  have  abnormally  low  molecular  weights,  as  deter- 
mined by  boiling-point  elevation,  by  freezing-point  lowering,  or  by 
some  similar  method,  arc  solutions  winch  pennil  tin-  passage  of  the 
electric  current  —  they  are  electrolytes;  while  solutions  which  give  nor- 
mal results  in  the  determination  of  the  molecular  weight  of  the  dis- 
solved substances  are  non-ehdrolyli*.  Simr  1885,  therefore,  it  has  been 
believed  by  most  chemists  thai  electrolytic  dissociation,  or  ionization, 
takes  place  when  an  acid  or  a  base  or  a  salt  dissolves  in  water. 

This  accounts  for  the  fact  that  aqueous  solutions  of  all  silver  salts 
show  similar  reactions.  They  all  contain  the  silver  cation,  and  the 
diver  cat  ion  is  different  from  ordinary  metallic  silver  chiefly  on  account 
of  the  fact  that  it  bears  a  large  electric  charge.  Most  of  the  reac- 
tions of  qualitative  analysis  are  carried  out  in  aqueous  solutions  with 
electrolytes.  Most  of  the  separations  employed  and  most  of  the  testa 
arc  by  means  of  reactions  which  arc  characteristic  of  the  ions.  For 
this  reason,  a  proper  understanding  of  the  theory  of  electrolytic  dis- 
sociation is  necessary  in  the  study  of  qualitative  analysis. 

Let  us  interpret  the  action  of  a  dilute  solution  of  an  acid  upon  a 
dilute  solution  of  a  base.  In  a  dilute  solution  of  hydrochloric  nil, 
for  example,  the  hydrogen  chloride  is  almost  completely  ionised,  and  in 
a.  dilute  solution  of  sodium  hydroxide  the  base  u  also  almost  eom- 

pletcly  ionized.  Hydrochloric  acid  and  sodium  hydroxide  react  to 
form  water,  which  is  itself  but  very  slightly  ionized.  The  reaction 
between  the  dilute  solutions  of  hydrochloric  acid  and  sodium  hydrox- 
ide may  be  written 

H+  +  CT  +  Na*  +  OH"  =  HaO  +  Na+  +  CT, 

By  subtraction  the  ions  which  appear  on  each  aide  of  the  equality 
Sign,  the  equation  becomes: 

H+  +  OH"  =  H»0. 
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According  fa)  this,  tin-  neutralization  of  a  dilute  solution  nf  an  acid  by 
a  base  is  merely  the  reaction  of  hydrogen  ions  with  hydroxyl  ions  to 
form  undLssocutad  water.  This  is  known  to  be  (rue,  because  if  the 
reaction  taken  place  with  1  pa.  of  hydrogen  and  17  gins,  of  hydroxyl  the 
heat  evolved  is  13,700  calories.  This  same  amount  of  heat  is  evolved 
when  an  equivalent  amount  of  a  dilute  solution  of  hydrochloric  acid 
is  neutralized  by  a  dilute  solution  of  potassium  hydroxide,  or  when 
I  In-  hydrochloric  acid  is  replaced  by  another  acid  such  as  nitric  acid; 
it  represents  merely  the  beat  of  formation  of  a  molecular  weight  in 
grams  (one  mole)  of  water  from  hydrogen  ion*  and  hydroxy!  ions. 

Similarly  it  can  be  shown  that  when  an  acid  acts  on  a  metal  with 
the  formation  of  a  salt  and  liberation  of  hydrogen  gas,  the  quant ity 
of  heat  which  is  developed  depends  only  on  the  nature  of  the  metal 
and  is  independent  of  the  acid.  The  anion  of  the  acid  really  does 
not  take  part  in  the  reaction  at  all. 

The  main  assumptions  of  the  Arrhenius  theory  of  electrolytic  dis- 
sociation are  as  follows:  When  an  acid,  a  base  or  a  salt  dissolves  in 
water  its  molecules  are  immediately  dissociated  to  some  extent  into 
let  fragments  called  iona.  These  ions  are  charged  with  electricity. 
The  sum  of  the  positive  charges  residing  on  the  rations  is  exactly 
equal  to  the  sum  of  the  negative  charges  residing  upon  the  anions 
and  the  whole  solution  is  electrically  neutral.  The  dissociation  is  a 
reversible  reaction  and  all  electrolytes  may  be  considered  to  be  com- 
pletely ionized  at  infinite  dilution.  Except  for  the  dependence 
resulting  from  the  electrical  charges  and  the  consequent  attractions 
and  repulsions  between  ions,  the  ions  may  be  regarded  as  independent 
constituents  with  individual  and  specific  chemical  and  physical  proper- 
ties. If  a  substance  dissolves  in  water  and  i-  mily  partly  dissociated. 
then  when  the  ions  are  removed,  either  by  electrolysis  or  as  a  result  of 
■•In  inical   reaction,   the  substance  will   at   once  continue  to  form  ions. 

While  it  is  true  that,  most  inorganic  acids,  bases  and  salts  are 
nmogens*  yet  the  extent  to  which  ionization  takes  place  when  the  sub- 
stance is  dissolved  in  water  varies  greatly.  Thus  a  molecular  weight  in 
grams  of  hydrogen  chloride  dissolved  in  10  liters  of  water  yields  about 
seventy  times  as  many  hydrogen  ions  as  an  equivalent  qu 

•  acid;   a  similar  comparison  can  be  made  with  regard  to  sodium 
hydroxide  solution  and  ammonium  hydroxide.     Since  the  strength  of 


•  An  ionogm,  ax  it*  nnmc  indicate*,  i*  a  mibstfince  capable  of  forming  ions; 
According  to  the  !  qi  i  theory  of  (',.  N.  Lkwxx  (/.  Am.  Chan,  Sot  ,  36,  762  (1010); 
cf.  Langmi'ik,  ihvi ,  41.  sfts.  1.543  (1919).  an  ionogen  i*  a  volar  compound  in  which 
the  Taknce  electron  has  named  from  one  atom  to  another  forming,  when  only  two 
atoms  arc  involved,  an  electric  dipole. 
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an  acid  is  determined  by  the  degree  of  ionization,  hydrochloric  odd  il 
about  seventy  times  as  strong  an  acid  as  acetic  acid  and  sodium 
hydroxide  or  potassium  hydroxide  is  nearly  seventy  times  as  strong  a 
bane  as  ammonium  hydroxide. 

On  the  other  hand,  a  molecular  weight  of  acetic  acid  will  neutralize 
the  same  weight  of  sodium  hydroxide  that  a  molecular  weight  of  hydro- 
chloric acid  does,  and  a  molecular  weight  of  ammonium  hydroxide  will 
neutraUze  the  same  weight  of  acid  that  a  molecular  weight  of  sodium 
hydroxide  does.  In  a  solution  of  sodium  hydroxide  and  of  hydro- 
chloric acid  of  the  above  concentration  the  original  molecules  aw 
about  90  per  cent  ionized,  and  when  the  acid  and  base  are  mixed 
the  principal  change:  is  the  union  of  hydrogen  ions  and  hydroxyl  ions 
to  form  water.  When  acetic  acid  of  the  same  concentration  is  used, 
there  i9  present  at  the  start  only  1.3  per  cent  of  all  the  hydrogen  in  the 
form  of  ions.  Those  ions  will  at  once  react  with  hydroxyl  ions 
to  form  water,  but  there  is  always  a  tendency  for  the  acetic  acid  to 
ionize,  and  when  the  ions  disappear  as  fast  as  they  are  formed  the 
ionization  continues  until  all  the  molecules  of  acetic  acid  have  dissoci- 
ated. In  the  neutralization  of  acetic  acid  with  sodium  hydroxide,  the 
final  heat  effect  will  not  l»e  simply  that-  of  the  union  of  hydrogen  ions 
with  hydroxyl  ions,  but  will  also  involve  the  energy  required  to  cause 
the  acetic  acid  to  ionize.  When  a  substance  ionizes  as  soon  as  it  dis- 
solves, the  heat  effect  of  ionization  cannot  easily  be  distinguished  from 
the  heat  of  solution.  Just  as  some  sulistances  dissolve  with  absorp- 
tion of  heat  and  some  with  evolution  of  heat,  so  it  is  found  that  the 
ionization  process  may  1:1  ..n  i.-Hcd  with  ■•itlu-r  an  absorption 

or  evolution  of  heat. 

It  is  interesting  to  note,  and  this  is  a  matter  of  considerable  im- 
portance, that  the  salt*  of  weak  acids  and  of  weak  bases  are  usually 
ionized  nearly  as  much  as  the  salts  of  strong  acids  or  of  strong  bases. 

When  a  dibasic  acid  dissolves  in  water,  the  two  hydrogen  atoms 
do  not  ionize  to  an  equal  extent  The  ionization  takes  place  in  two 
Btagee.  Thus  with  sulfuric  acid  the  first  stage  takes  place  in  the 
sense  of  the  equation: 

HsSO«  ciHH  HSCV. 

The  fact  that  the  reaction  does  not  necessarily  take  place  completely 
is  indicated  by  using  the  double  arrow  sign  instead  of  the  equality 
sign.     When  the  above  reaction  stops  there  is  a  state  of  equilibrium 
between   the   three  sulwtance*    H-Si »,,   11+  and   HSO«~-     The   HS<  i. 
undergoes  a  secondary  ionization  as  follows: 

HS0«-*±H+  -l-SOr- . 
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The  extent  to  which  these  reactions  tttkQB  place  depends  entirely 
upon  the  dilution.  If  half  a  molecular  weight  in  grains  of  sulfuric 
acid  is  dissolved  in  10  liters  of  water,  the  primary  ionization  will 
take  place  to  about  90  per  cent  of  the  entire  quantity  of  acid  present 
and  the  secondary  ionization  to  leas  than  50  per  cent.  If  the  solution 
ia  '■xtremcly  dilute,  both  reactions  will  take  place  almost  completely. 
In  the  case  of  carbonic  acid,  the  primary  stage 

H,OO,:=»H+  +  HC0r 
ordinarily  takes  place  only  to  a  fraction  of  1  per  cent  and  the  second 

8tagB  HC0,-i=*H+  +  C0r- 

to  an  inappreciable  extent  (cf.  p.  10).  With  hydrogen  isulfide  the 
relations  arc  similar. 

On  the  other  hand,  the  salts  of  these  weak  acids  will  ionize  almost 
completely  as  follows: 

K&tCQi  t±  Na+  +  Na+  +  CO,- 
NajS^  Na+  +  Na++  S- . 

The  fact  that  the  extent  to  which  a  substance  ionizes  is  dependent 
upon  the  concentration  of  the  solution  has  already  been  indicated 
(p.  4)  and  will  be  demonstrated  mathematically  a  little  farther  on 
(p.  18).  The  concentration  of  a  solution  shows  the  quantity  of  dis- 
solved substance  present  in  a  unit  volume,  and  the  numerical  value 
representing  this  concentration  depends  entirely  upon  the  units  in 
which  the  mass  of  the  dissolved  sulwtanee  and  the  volume  of  the 
solution  are  expressed.  If  w  represents  the  mass  of  dissolved  sub- 
stance in    grams  and  v  is   the  volume   of   the  solution   expressed    in 

liters,  then  -  is  the  concentration  of  the  solution  in  grains  per  liter. 

Concentrations  are  often  expressed  in  these  units,  but  the  weight  is 
not  the  most  convenient  unit  for  expressing  the  mass,  especially  in 
matters  of  theoretical  discussion.  A  solution  containini:  1  inn.  of 
dissolved  substance  A  is  rarely  equivalent  to  one  containing  the  same 
weight  of  a  substance  B.  It  is  much  more  convenient,  to  measure  the 
mass  of  the  dissolved  substance  in  terms  of  the  number  of  molecules 
present  According  to  the  suggestion  of  Ostwald,  the  terra  mole 
has  been  given  to  the  molecular  weight  of  a  substance  in  grams,  and 
when  the  concentration  of  a  solution  is  expressed  in  the  number  of 
moles  present  in  a  liter,  the  so-called  molal  concentration  is  obtained. 
The  objection  still  remains,  however,  that  one  molecule  of  a  substance 
.4   (e.g.,  hydrochloric  acid)  is  not  always  equivalent  to  one  molei-ulc 

;   ?<ut ist unoe  n  (e.g.,  sulfuric  acid).    To  ova me  this  diffiaulty, 

concentrations  are  often  expressed  in  gram  equivalent*  per  liter,  using 
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the  univalent.  substances  as  the  standard.  Thus  a  mole  of  hydro- 
chloric add  is  one  equivalent,  weight  in  (trams  and  half  a  mole  of  sul- 
furic acid  is  one  equivalent  weight  in  grams.  A  solution  which  con- 
tains one  equivalent  weight  in  grams  of  dissolved  substance  is  called 
a  normal  solution;  one  containing  two  equivalent*  in  a  liter  is  a  twice- 
normal  solution;  and  one  containing  half  an  equivalent  is  a  half- 
normal  solution.  In  analytical  chemistry  this  is  often  the  best  way  to 
express  concentrations. 

The  following  table  will  l>e  found  useful  in  studying  the  ionization 
of  electrolytes.  It  gives  the  approximate  percentage  ionization  of 
substances  present  in  0.1  N  sol  m  ion  at  25°  C.  In  the  case  of  poly- 
basic  acids,  the  value  opposite  the  formula  of  the  acid  shows,  the 
fraction  of  the  whole  molecule  wliich  undergoes  the  primary  ioniza- 
tion into  one  hydrogen  ion,  that  opposite  an  ion  with  a  univalent, 
charge  shows  the  extent  to  which  this  ion  undergoes  a  secondary 
ionization,  and  that  opposite  an  ion  with  a  bivalent  charge  >i 
the  extent  to  which  it  undergoes  a  tertian-  decomposition,  forming  a 
third  hydrogen  ion  from  the  original  neutral  molecule  of  the  acid. 

Ionization   Values  of  Common  Electrolytes 

In  0.1  normal  solution                                       Per  Cent 

Salts  nf  Qm  t.wwB+A-  (e.g..  KNOO"     84 

Salt*  of  U»  type  B»+A —  or  B++A.,-  (e.g..  K^90,  or  BnCli)  f 73 

Salle  of  the  type  B»+A ,  or  B+++Aj-  («fe  Kj[Fc(CN),]  or  A1CI») 05 

Salt*  of  the  type  B-H-A"- (e.g.,  MaSOJ 40 

KOH,N»OHa SO 

BalOH  >,  • 80 

MI."H         1.3 

tin.  HBr,  III.  BBCN,  UNO,,  HCIO..  HCIO,.  H.SO,.  HjCWV 90 

1 1  l'i  i,.  HiAsO..  H.SO,.  H,C/)fc  HSOr 20-15 

UNO..  HI  7-9 

'     9  i'..  in  .-J),   .  B80T 1-2 

HA  H*0O|,  HaFO,   .  HCrO,    0   1-0.2 

HIM.),.  IIAsO..  Hf.N.  il(  I),   .  HCIO 0  002-0.008 

M-      HPO,    -,  HAsO,— 0.0001-0  0002 

nOH(at25°) 0.00,000,02 

Nomenclature  of  the  Ions 

Aa  already  mentioned  (p.  5)  Faraday  in  1834  was  the  first  to  use 
the  words  wn,  cathode,  cation,  electrode,  anode,  etc.  Tliewe  names  ure 
all  derived  from  Greek  roots.  Faraday's  idea  was  that  the  electricity 
entered  the  solution  at  the  positive  pole  and  passed  down  to  the 

*  These  value*  are  based  U{«n  electrical  conductance  ratios  and  are  probably 
too  low.    Cf.  \>w  16. 

f  Ivireptious:  i  <K'lj  ionixrs  to  about  47  p«r  c«nt,  UgC'l,  to  about  0.01  per  cent, 
and  HgBrfc  HgU  and  Hg(CN),  low  than  HgC'U 
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itive  pole.  The  word  ion  is  the  Greek  won!  for  wanderer  or  traveler 
spelt  in  Latin  letters.  Anode  is  from  the  Greek  ava  (ana)  up;  086% 
(odoe)  a  path.  Cathode  El  from  Che  Greek  Kara  (kata)  down;  odot 
lodoe)  a  path.  The  two  electrodes  are  oonsidand  u  the  doors  or 
paths  hy  which  the  current  enters  and  passes  out  of  the  solution. 

Two  methods  are  in  common  use  for  designating  the  ions.  Thus 
the  ions  of  hydrochloric  acid  are  designated  as  H+  ami  CT  or  as  H" 
and  (  T-  Small  plus  and  minus  signs  arc  used  in  this  book  rather  than 
the  dots  and  dashes  simply  because  this  is  the  present  practice  in 
tin  journals  published  by  the  American  Chemical  Society.  Many 
n*  prefer  to  use  the  other  system  because  it  takes  up  less  room ; 
in  the  case  of  the  polyvalent  ions  the  use  of  the  plus  and  minus  signs 
i-  often  vi  ry  cumbersome. 

Purely  as  a  matter  of  convenience,  an  attempt  has  been  made 
to  devise  a  system  of  rational  nomenclature  for  the  ions.  This  method 
has  l>een  adopted  in  a  number  of  excellent  text-lxxiks  but  it  is  not 
in  common  use.  According  to  this  system,  the  names  of  the  cation;-. 
arc  obtained  by  adding  the  tonmiiation  -inn  to  the  stem  of  the  name 
of  the  corresponding  metal,  using  the  Latin  name  whenever  possible. 
When  a  substance  forms  several  ions  dim-ring  from  one  another  only 
in  valence,  the  damei  of  Stioh  ions  are  designated  hy  Greek  prefixes 
indicating  the  number  of  charges  residing  on  the  ion.  The  names  of 
the  anions  are  derived  from  the  names  of  the  stilts.  If  the  name  of 
i|t  suds  i"  •"'»',  thflM  last  three  letters  arc  replaced  by  the  ending 

on,  except  in  the  case  of  the  carbonate  ion,  which  is  called  eSP&OMtdft, 
The  names  of  anions  from  salts  ending  in  -ite  are  formed  by  replacing 
these  three  letters  with  -osion.  The  anions  from  salts  whose  names 
end  in  -ide  are  obtained  by  iepl:u-ing  these  letters  with  the  ending 
-idion.  The  hydrogen  ion  is  called  hydrion  and  the  hydroxyl  ion  is 
called  hydroxidion.    The  following  table  illustrates  the  use  of  this 

em  which  was  proposed  by  Walker: 

NAMES  OF  CERTAIN   IONS 


Symbol. 

N»m» 

CMiM  ol 

S»Iijo» 

Symbol. 

Name. 

Anion  of 

AC* 

AruiTition 
Calcion 

Silver 

cr 

Chloridion 

Chlorides 

Ca+  + 

Calcium 

cio- 

Bypoeklac- 

Hypochlorite* 

Cu+  + 

DfcUpl  inn 

lc  i  upper 

n.Mori 

F*+  + 

Diferrion 

PWrroiM  iron 

CIO," 

Chloroiiion 

Qblerilw 

*-+ 

Trifi:rrion 

Ferric  iroq 

cio,- 

Chlaranion 

Chlorate* 

11+ 

Hvdi 

'•fftn 

cio,- 

lVrclilnnilii«iil 

l'<Ti'hlorat«s 

(Ackfi) 

8— 

SulndSon 

Sullid.  1 

K+ 

Kalion 

Pota.> 

so,— 

Sulfosion 

Na+ 

Natrion 

^mlium 

80.— 

Bulfanioo 

Sulfate* 

NIL+ 

Ammonion 

Ammonium 

NO," 

Nitranion 

Nitrat« 

OH- 

Ilyilroxidion 

Hydroxide* 
(Base*) 
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Equilibrium   hrtieern  a  Sitliii  ami  a  Liquid 

Most  of  the  reactions  used  in  analytical  chemistry  involve  either 
the  solution  or  the  precipitation  of  sonic  substance.     It  is  impoi 
therefore,  to  consider  briefly  the  nations  which  exist  between  a  solid 
ami  its  solution. 

Potassium  nitrate  on  being  brought  into  contact  with  water  at  once 
1m-hih  to  dissolve.  The  rate  of  solution  is  influenced  somewhat  by 
the  amount  of  surface  exposed  by  the  salt,  a  fine  powder  dissolving 
more  rapidly  than  a  single  large  crystal.  At  first  the  substance  dis- 
solves quite  rapidly,  particularly  if  the  liquid  is  kept  stirred,  but 
gradually  the  speed  slackens  and  finally  a  time  comes  when  the  water 
at  a  given  temperature  wUI  dissolve  no  more  of  the  salt.  The  solu- 
tion is  then  said  to  be  xnlumlnl  with  the  salt  and  it  makes  no  differ- 
ence how  much  potassium  nitrate  is  available  in  excess  of  the  amount 
required  to  form  a  saturated  solution,  the  solution  when  once  satu- 
rated at  any  temperature  will  dissolve  no  more  Halt. 

The  quantity  of  salt  required  to  form  a  saturated  solution  varies 
with  the  temperature,  more  so  with  potassium  nitrate  than  with 
many  other  salts.  At  0*  the  saturated  solution  contains  only  1.3  moles 
of  potassium  nitrate,  whereas  2.7  moles  dissolve  at  20°  and  25  moles 
dissolve  at  100°. 

If  a  solution  containing  5  moles  of  potassium  nitrate  is  prepared  by 
dissolving  the  salt  in  hot  water  and  the  solution  is  then  eooled  to  20°. 
we  obtain  what  is  called  a  supersaturated  solution.  A  state  of  super- 
saturation  can  be  maintained  for  some  time  provided  care  is  taken 
not  to  disturb  the  solution  in  any  way.  If  the  supersaturated  solu- 
tion is  agitated,  or,  better,  if  a  tiny  fragment  of  potassium  nitrate  is 
thrown  into  it,  r\- 1  ill  i/:iimn  starts  and  continues  until  finally  the 
solution  only  contains  2.7  moles  of  the  salt,  which  is  the  quantity  of 
potassium  nitrate  required  to  form  a  saturated  solution  at  20°. 

The  solubility  "i  B  substance  at  any  temperature  is  usually  deter- 
mined by  two  methods:  first.,  by  shaking  tip  the  salt  with  water  until 
a  saturated  solution  is  obtained;  second,  by  forming  a  supersaturated 
solution  and  allowing  the  excess  of  the  salt  to  crystallize  out.  Usually 
the  values  obtained  by  the  former  method  are  a  little  lower  than  the 
values  obtained  by  the  latter  method;  a  slightly  undersaturated  solu- 
tion is  obtained  in  one  case,  and  a  slightly  supersaturated  one  in  the 
other. 

When  a  solution  of  potassium  nitrate  is  brought  into  contact  with 
more  of  the  salt,  whether  more  of  the  salt  will  dissolve  or  not  is 
determined   solely   by   the   concentration   of   the   solution.      If  it  is 
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already  saturated  with  potassium  nitrate,  no  more  of  the  salt  will 
dissolve;  if  unsaturated,  more  suit  will  dissolve  to  form  u  saturated 
solution.  The  equilibrium  Ix-tween  a  liquid  and  a  solid  which  is 
soluble  in  it  is  determined  solely  by  the  concentration  of  the  solution. 
The  absolute  quantity  of  substance  and  the  absolute  quantity  of  solu- 
tion have  no  effect  upon  the  final  equilibrium. 

<  hernials  prefer  to  look  upon  a  state  of  equilibrium  as  a  condition 
of  dynamic  equilibrium  rather  than  as  one  of  static  equilibrium. 
Instead  of  thinking  of  the  saturated  solution  of  potassium  nitrate  aa 
one  which  has  no  tendency  to  dissolve  more  potassium  nitrate,  it  is 
preferable  to  consider  the  solution  aa  one  in  which  the  tendency  to 
precipitate  potassium  nitrate  is  exactly  balanced  by  the  tendency 
to  dissolve  potassium  nitrate.  When  the  solution  is  undersaturated 
and  more  salt  us  available,  the  tendency  to  dissolve  is  greater  thau  t  he- 
tendency  to  precipitate  and  when  the  solution  is  supersaturated  the 
tendency  to  precipitate  is  greater  than  the  tendency  to  dissolve. 

The  equilibrium  principle  is  the  same  in  the  case  of  difficultly 
soluble  substances.  It  requires  only  0.0015  gram  (=  0.01  millimole) 
of  silver  chloride  to  form  a  saturated  solution  in  water.  If  more 
than  this  quantity  of  silver  chloride  is  produced  as  a  result  of  a  chemi- 
cal reaction  taking  place  in  an  aqueous  solution,  all  the  excess  silver 
chloride  will  be  precipitated.  The  solubility  is  so  slight  that  the 
precipitation  Ls  practically  complete. 

Ch+micat  Equilihrium  and  tin-   Mom  Action   Imu 

If  hydrogen  sulfide  gas  is  passed  into  a  solution  containing  riuc 
chloride,  a  white  precipitate  of  zinc  sulfide  is  formed: 

ZnCl,  +  H,S  =  ZnS  +  2HC1. 

If  the  precipitate  of  zinc  sulfide  is  filtered  off  and  treated  with  hydro- 
chloric acid  it  will  dissolve: 

ZnS  +  2HCI  =  ZnCU  +  H,S. 

Similarly,  the  addition  of  ammonium  carbonate  to  a  solution  of 
calcium  chloride  in  water  causes  the  formation  of  a  white  precipitate 
of  calcium  carbonate: 

CaGb  +  (NHi),CO«  =  CaCO,  +  2NH,CI. 

The  precipitate  can  l>e  dissolved,  however,  by  boiling  it  with  ammo- 
nium chloride  solution. 

In  each  of  the  Above  eases,  there  are  evidently  two  opposing  tend- 
encies—  the  tendency  of  zinc  sulfide  to  precipitate  and  the  lend- 
i-iicv  of  rim-  sulfide  to  dissolve;   the  tendency  of  calcium  Oftftxmtfl 
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to  precipitate  and  the  tendency  of  calcium  carbonate  to  dissolve.  To 
express  the  fact  that  the  reaction  may  go  in  either  direction  it  is  cus- 
tomary to  write  the  .synilwils  separated  by  a  double  arrow  instead  of 
by  an  equality  sign  (cf.  p.  8) : 

ZnCl»  +  HjS<=£ZnS  +  2HC1, 
CaCl,  +  (NH«),COJ^CaCOJ  +  2NH«C1. 

Such  reactions  are  called  reversible.  It  was  once  thought  that 
reversible  relictions  were  of  rare  occurrence,  but  it  is  now  customary 
to  consider  all  chemical  reactions  as  reversible,  although  in  many 
cases,  and  especially  in  most  reactions  used  in  analytical  chemistry, 
the  reaction  goes  so  completely  in  one  direction  that  only  a  negligible 
quantity  of  one  or  more  of  the  initial  substances  remains  unchanged. 
In  general,  when  two  substances  A  and  IS  react  at  a  constant  temper- 
ature to  form  C  and  D,  then,  to  some  extent  at  In.-i  C  and  D  react 
to  form  A  and  B,  and  equilibrium  is  reached  when  the  ratio  of  the 
product  of  the  concentrations  of  A  and  B  to  the  product  of  the  con- 
centrations of  C  and  D  has  a  definite,  constant  value.  This  value  is 
characteristic  of  the  equilibrium  between  the  compounds  involved. 

In  the  above  case,  the  reaction  may  be  expressed  as  follows: 

A  +  B  j=i  C  +  D, 

in  which  A,  B,  C  and  D  represent  four  different  substances  reacting 
in  tin-  molecular  proportions  indicated  by  their  symbols.  The  final 
equilibrium  is  expressed  by  the  mathematical  equation: 

\C]  x  [PI      , 
[A )  X  [B]     * 

in  which  [A],  [B],  [C]  and  [/>]  represent  the  final  concentrations*  of 
t\w  four  reacting  substances  nnd  k  is  some  definite  number  called  the 
equilibrium  constant.     The  value  k  varies  with  the  temperature. 

If  more  than  one  molecule  of  substance  takes  part  In  tin-  reaction, 
the  conditions  are  somewhat  more  complicated.  This  is  expressed  by 
the  general  equation 

mA  +nB*=:pC  -f  qD 

and  the  final  equilibrium  is  expressed  mathematically 

[aY  x  |b>    *■ 

in  which  [A],  \B\,  [C]  and  \D\  represent,  as  before,  the  conccntrutiim.-- 
when  equilibrium  is  n   •  'hi 
This  is  the  SO-O&Ued  law  /•/  mast  action,  which  was  discovered  by 

*  Conccntrationi!  in  nuch  ras**  &xv  usually  exprwaed  in  main  \<rr  liter. 
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Guldberg  and  Waagc  in  1867.  It  is  to  be  noted  that  h  is  the  concen- 
trations, or  masses  present  in  a  unit  of  volume,  rather  than  the  actual 
masses  of  the  substances,  which  find  expression  in  tins  law. 

This  law  applies  to  a  state  of  homogeneous  equilibrium.  A  homo- 
geneous system  is  one  in  which  every  pud  of  it  is  like  every  other 
part.  A  mixture  Of  two  solid  substances  is  not  homogeneous.  A 
solution,  on  the  other  hand,  is  homogeneous  when  it  is  thoroughly 
ti,  as  it  is  impossible  to  distinguish  :tny  difference  l.ietween  differ- 
ent portions  of  the  solution.  Similarly  a  mixture  of  gases  represents 
a  homogeneous  system.  Such  homogeneous  systems  are  called  phase*. 
A  mixture  of  a  solid,  a  solution  and  a  gas  represents  t  hree  phases;  two 
solids,  two  phases:  two  immiscible  liquids,  two  phases. 

In  the  case  of  the  reactions  Ix'tween  zinc  chloride  and  hydrogen 
sulfide  ami  between  ceJeium  chloride  and  ammonium  carbonate  a 
precipitate  was  formed  in  each  case.  The  mass-action  law  applied 
only  to  the  zinc  sulfide  and  to  the  calcium  carbonate  that  retnainedio 
solution.*  The  fact  that  these  substances  are  only  very  slightly  soluble 
in  water  favors  the  progress  of  the  reaction  in  the  direction  by  which 
these  substances  are  formed.  The  mass-action  law  shows  that  when 
the  concentration  of  any  substance  participating  in  a  chemical  reac- 
is  increased,  this  tends  to  increase  the  tendency  for  the  reaction 
to  take  place  in  the  direction  by  which  this  substance  is  decomposed; 
when  any  substance  formed  by  me.: us  of  a  chemical  reaction  is  removed 
increases  the  tendency  for  the  reaction  to  proceed  in  the  direction 
by  which  this  substance  is  formed.     The  formation  of  pit  ate 

or  the  escape  of  a  gas,  as  fast  as  the  substance  is  formed  by  means  of 
a  chemical  reaction,  tends  to  make  the  reaction  take  place  more  com- 
ly.  If  the  gas  is  all  boiled  off  the  reaction  by  which  it  is  formed 
will  take  place  completely.  Similarly  if  any  precipitate  were  abso- 
lutely insoluble  in  water,  the  reactions  by  which  this  substance  is 
formed    would   take  plaee  completely. 

This  law  of  mass  action  embodies  one  of  the  most  important  prin- 
ciples utilized  in  analytical  chemistry.  It  enables  one  to  understand 
why  most  of  llie  rem  t  ions  take  place  am!  tO  establish  eonilil  inns 
under  which  those  reactions  will  occur  to  the  best  advantage.  The 
law  has  been  verified  by  a  great  many  quantitative  as  well  as  quali- 

cperimt  ate.    It  has  been  studied,  for  example,  in  do 
with  the  formation  and  decomposition  of  phosphorus  pentachloriile. 

\\  hen  chlorine  gas  reacts  with  cold  phosphorus  trichloride,  the  solid 

*  The  mass  action  law  is  concerned  with  the  conn  Titrations  of  the  reaction  mib- 
stancca.  The  quantity  of  sine  sulfide  or  calcium  carbonate  that  remains  diwolvwl 
to  form  a  saturated  solution  i-  iudeiM-ndent  of  the  quantity  of  precipitate  formed. 
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peotoohloridc  is  funned;  but.  if  this  substance  is  heated,  it  breaks 
down  into  it.-.  constituents.  The  reaction  is  reversible  and  may  be 
expressed  as  follows: 

PCL^FCU  +  CU. 

At  any  given  temperature  an  equilibrium  exists  which  can  be  expressed 
mathematically,  according  tu  the  mass-action  law, 

[PCbi  x  [ci,]     , 

[PCI,] 

in  which  [PCb.],  [Cl9]  and  [PCI,]  represent  the  concentrations  at  the 
time  when  equilibrium  has  been  reached. 

If  we  desire  to  volatilize  phosphorus  pentachloride  so  that  the 
least  possible  dissociation  will  take  place,  the  above  equation  shows 
us  how  this  may  be  brought  about. 

If  either  [PCIj]  or  JCliJ  be  increased,  then  in  order  that  the  value 
of  the  fraction 

[PCI,]  X  [Cl«l 

[pcu 

remains  constant,  it  is  evident  that  the  concentration  [PC1»]  must 
become  greater;  or,  in  other  words,  the  dissociation  of  the  peutu- 
chloride  becomes  less  and  there  will  l»-  practically  no  dissociation  if 
the  pentaehloridc  is  volatilized  in  an  atmosphere  of  phosphorus  tri- 
chloride or  of  chlorine.  In  this  way,  Wurz  obtained  for  the  density  of 
phosphorus  pePtaddoride  0.80-7.42,  instead  of  the  calculate.)  value  7.2. 
At  Stassfurt  the  mineral  earnallite  (MgCli  •  KC1  •  6  HjO)  occurs  and 
was  evidently  formed  by  precipitation  from  solutions  containing  the 
chlorides  of  magnesium  and  potassium.  This  double  salt  is  less  soluble 
than  pure  magnesium  chloride  and  more  soluble  than  pure  potassium 
chloride.  If  earnallite  is  dissolved  in  water  and  the  solution  allowed 
to  evaporate  until  crystals  are  deposited,  it  will  be  found  that  the 
crystals  consist  of  potassium  chloride.  When  the  earnallite  dissolves 
in  water,  the  double  suit  is  decomposed,  more  or  less  completely  accord- 
ing to  the  dilution, 

MgCl,  •  KCI  s*  MgCI,  +  KCI, 

and  for  every  concentration  the  equation  holds: 

[MgCI,)  X  [KCI] 
(MgCI,- KCI] 


a  constant. 


If  we  wish  to  reerystallize  the  earnallite,  the  breaking  down  of  the 
double  salt  must  be  prevented  as  much  as  possible,  and  to  do  this  it  is; 
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merely  necessary  to  add  an  excess  of  MjrC'li.  As  a  matter  of  fact,  the 
mineral  is  rcerystalliaid  at  Stassfurt  from  a  23  per  cent  solution  of  mag- 
nesium chloride. 

This  law  of  mass-action  applies  to  all  cases  of  chemical  equilibrium 
that  takes  place  in  a  homogeneous  pliase,  i.e.,  it  can  lie  applied  to 
all  reactions  which  take  place  between  gases  and  to  all  reactions  that 
take  place  in  solution. 

The  law  of  mass  action  applies  to  the  equilibrium  l»etween  an  ion- 
ogen  and  its  ions,  in  this  connection,  the  law  is  of  particular  impor- 
tance in  the  study  of  analytical  chemistry. 

Equilibrium   J/Wm-.n   a  Solid  and  Tiro  Liquid* 

Although  water,  either  pure  or  containing  dissolved  acid,  is  the 
solvent  most  used  in  analytical  chemistry,  it  often  happens  that  a 
substance  is  more  soluble  in  some  other  liquid.  Thus  free  iodine 
is  about  HKi  times  as  soluble  in  carbon  disulfide  as  it  is  in  water. 
When  iodine  is  in  contact  with  lx>th  carbon  disulfide  and  water,  and 
these  two  liquids  are  only  slightly  soluble  in  one  another,  it  will  dissolve 
chiefly  la  the  carbon  disulfide.  Moreover,  if  an  aqueous  solution  of 
iodine  is  shaken  with  carbon  disulfide,  the  latter,  when  it  separates 
out  beneath  the  water,  will  contain  nearly  all  of  the  iodine.  A  state  of 
equilibrium  then  exists  between  the  solution  of  iodine  in  water  and  the 
solutii  ii  i'f  iodine  in  carbon  disulfide.  Such  an  equilibrium  is  govern..] 
by  the  so-called  distribution  law  or  law  of  partition.  If  CA  represents 
the  concentration  of  a  substance  in  a  solvent  A  and  Cy  is  its  con- 
cent in  a  solvent  B,  equilibrium  is  reached  when 

CB      * 

This  is  the  mathematical  expression  of  the  distribution  law.  The  con- 
stant, k,  is  called  the  distribution  coefficient.  In  this  simple  form, 
it  is  important  to  note  that  the  law  holds  only  when  each  concentra- 
tion is  expressed  in  terms  of  the  same  molecular  Bpecies.     Thus  if  a 

>stance  is  dissociated  to  a  large  extent  in  one  solvent  and  scarcely 
at  all  in  another,  the  concentrations  involved  must  be  those  of  the 
undissociated  salt  in  each  case.  It  is  quite  common  to  find  that  the 
ions  of  a  substance  are  much  more  soluble  in  water  than  in  any  other 

•cut  whereas  for  the  undissociated  substance  the  relations  are 
reversed.  Iodine  dissolves  to  a  greater  extent  in  a  solution  of  potas- 
sium iodide  than  it  does  in  pure  unter,  owing  to  the  formation  of  Kh. 
In  such  a  solution  the  following  equilibrium  exists: 

KI  +  I.;=tKI* 
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If  such  a  solution  is  shukcn  with  curlx-m  disulfide,  the;  distribution 
law  holds  only  for  the  free  iodine  held  in  solution  as  such  in  each 
solution. 

Fur  iodine  in  pure  water  unrl  iodine  in  WOOD  disulfide,  the  dis- 
tribution coefficient  is  jiij.  Theoretically  it  is  impossible  to  remove 
all  the  iodine  from  water  by  shaking  with  carbon  disulfide,  but  if  the 
carbon  disulfide  is  removed,  with  the  aid  of  a  sepnratory  funnel,  and 
the  mpNOttfl  Miiminn  is  shaken  with  fresh  carbon  disulfide,  it  is  evident 
that  the  quantity  of  iodine  remaining  with  the  water  is  negligible,  or 
can  be  made  so  by  repeating  the  operation. 

Sometimes  in  testiug  for  the  halides  it  is  desirable  to  remove  free 
halogen  from  the  aqueous  solution;  to  accomplish  this,  the  distribu- 
tion principle  is  utilized.  Ferric  chloride  is  much  more  soluble  in 
ether  and  hydrochloric  acid  than  it  is  in  water  and  hydrochloric  acid; 
to  detect  the  minor  constituents  of  iron  or  steel,  a  large  sample  of  the 
original  material  iH  taken  and  the  ferric  chloride  removed  by  slinking 
the  hydrochloric  acid  solution  with  ether.  Pcrchromic  acid  is  more 
soluble  in  ether  than  it  is  in  water;  by  shaking  the  dilute  aqueous 
solution  with  a  little  ether,  a  concentrated  solution  in  the  latter  is 
obtained  and  the  presence  of  the  chromium  shown  by  the  beautiful 
blue  color. 

Influence  of  C.hannca  in   Concentration   upon   tlir  lanlnation 
of  Electrolyte* 

If  we  assume  1  mole  of  a  weak  electrolyte,  such  as  ammonium 
hydroxide,  to  be  dissolved  in  v  liters  of  solution,  the  original  substance 
will  be  partly  ionized  according  to  the  equation 


into  ammonium  and  hydroxy!  ions.     If  a  is  the  fraction  of  the  base 
ionized  in  the  sense  of  the  above  equation,  then  the  non-ionized  part 
will  amount  to  I   —  «. 
The  concentrations  per  liter  are 

NH4OH  f*  NH,+  4-  OH- 

1  —  a        a         a 

p  v         9 

and  according  to  the  mats-action  law 

I-  a       o» 


k 
k 


(\-a)v 
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The  constant  k  is  known  us  the  ionization-  or  affinity-conttanl; 
it  is  independent  of  the  dilution  and  is  characteristic  for  I WMJ  elec- 
irolvi'.  The  expression  shows,  however,  that  by  increasing  v,  or 
diluting,  the  fraction  of  the  molecule  dissociated  (a)  will  be  made 
larger. 

If  to  the  solution  of  the  base  we  add  n  additional  ammonium  ions, 
by  adding  solid  ammonium  chloride,  then  if  n  is  considerably  larger 
than  a  the  degree  of  ionization  of  the  base  will  be  greatly  diminished, 
namely,  from  a  to  ax,  a  value  which  can  be  readily  computed  as  follows: 

In  the  solution  their  is  present  per  liter 

NH«OH?2NH,+  -f  OH" 
1  —  ct\     ct\  4-  n     a\ 


therefore 


(ai  +  n)  en 


(1-aOr 
If  k  and  n  are  known,  ai  can  be  computed:* 


Ol 


-  (n  +  vk)  ±  V  (n  4-  »fc)«  4-  4  vk 


In  the  ease  of  0.1  N  ammonia  solution  the  ammonium  hydroxide 

is  ionized  only  to  an  extent  of  1.:>'J  per  cent,  the  ionization  constant 

g  0.000018.     If  we  add  to   10  liters  of  this  ammonia  solution  2 

moles  of  ammonium  chloride  (107.08  gins.),  then  since  the  ammonium 

chloride  is  93   per   cent   dissociated    at    this   dilution,  we  are  adding 

2  x  0.93  =  1.86  N Hi*  ion*.  If  this  value  be  inserted  Eo  the  above 
equation,  on  becomes  0.00009;  in  other  words,  the  ionization  of  the 
ammonium  hydroxide  is  diminished  by  the  addition  of  the  ammonium 
oMoridti  from  1.32  to  0.009  per  cent.  The  solution  now  contains  so 
few  hydroxyl  ions  that  it  will  not  cause  precipitation  in  solutions  of 
magnesium  gaits,  (ef.  pp.  46,  94). 

similarly  the  ionization  of  weak  acids  is  lessened  by  the  addition 
of  their  salts.  In  In  i  >  of  the  stronger  acids  and  bases,  the  effect 
of  adding  a  neutral  suit  to  the  solution  is  not  so  remarkable,  because 
the  stronger  acids  and  bases  are  dissociated  to  about  the  same  extent 
as  t  heir  salts. 


*  Such  computations  rarely  iriv  information  concerning  ionization  which  i* 
accurate  to  more  than  two  significant  figures.    When  on  is  small  litre  than  0,01.1  the 

e*PCBBH'00  *  "  ~jj~Z — T7  nuy  ^  8unPlific<'  "•to  *  "  ~  *nd  »t  is  thea  easy  to 

compute  the  value  of  on.    In  most  cases  it  is  not  only  unnecessary  but  absurd  to 
attempt  to  use  the  formula  without  approximation. 
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Solubility    Prottuct 

•  er  chloride  is  slightly  soluble-  in  water;  0.00001  mole  (1.5 
mga.)  of  the  solid  dissolves  in  1  liter  of  the  solvent.  When  water 
:>  placed  in  contact  with  an  excess  of  silver  chloride,  a  state  of  eqiiihl'- 
rium  is  BOOQ  reached  between  the  solid  and  the  solution.  If  more 
thiui  this  quantity  of  dissolved  substance  is  present  at  any  time,  the 
solution  is  supersaturated  and  tends  to  precipitate  silver  chloride;  if 
less,  then  more  silver  chloride  will  l>e  dissolved.  When  equilibrium  is 
reached  the  tendency  of  the  salt  to  precipitate  is  equal  to  the  tend- 
ency of  the  salt  to  dissolve. 

The  dissolved  silver  chloride  also  exists  in  a  state  of  equilibrium 
Ix-tween  the  ionogen  and  the  ions.  This  equilibrium  apparently 
takes  place  almost  instantly,  whereas  the  equilibrium  between  the 
solid  and  the  solution  is  established  more  slowly.  For  all  concen- 
trations of  such  a  slightly  soluble  substance  as  silver  chloride,  it  is  fair 
to  assume  that  the  mass-action  law  hold.*  rigidly.  Applied  to  the 
reaction 

AgCI^Ag*  +  Cl- 
aud denoting  the  concentration  of  non-ionized  silver  chloride  as  [AgCl], 
of  silver  ions  as  [Ag|,  and  of  chlorine  ions  as  (CI),  the  law  is  expressed 
as  follows: 

[Ag]  x  [CI]  _  . 
[AgCl]       -  * 

In  this  equation  k  has  a  definite  value,  called  the  ionization  constant, 
which  varies  with  the  temperature  but  has  otherwise  a  definite  value 
for  every  substance.  When  the  solution  is  saturated  with  silver 
chloride  the  value  of  both  numerator  and  denominator  has  reached 
the  saturation  value.  If  the  value  of  [AfCI]  is  greater  tlian  cor- 
responds to  this  saturation  value,  the  solution  is  supersaturated 
and  i*  no  longer  in  equilibrium  with  undissolved  solid.  The  value 
[AgCl]  could  be  used  for  expressing  the  solubility  of  the  substance, 
but  it  is  often  more  convenient  to  use  the  ion  concentration  product 
IAr|  X  (CI I  which  is  called  the  .solubility  product.  In  general,  if  the 
substance  AmBH  ionizes  into  mA  and  nB  ions,  the  solubility  product, 
S„  is  found  by  the  following  equation: 

.%=  U]-x  [B1--*U„JU 
in  which  k  is  the  ionization  constant  and  the  concentrations  are  those 
of  a  saturated  solution. 

Experience  has  shown  that  the  conditions  are  somewhat  more 
complicated  in  concentrated  solutions  such  as  are  obtained  with  the 
very  soluble  substances.    In  future  discussion,  therefore,    the  solu- 
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ttlity  will  be  expressed,  as  a  rule,  in  terms  of  the  solubility  product 
only  when  the  substance  does  not  dissolve  to  a  greater  extent  than 
0.01  mole  per  liter.  The  table  on  page  111  shows  t hut.  binary  salts 
of  the  lyjic-  represented  by  AgCl  arc  ionized  to  about  84  per  cent  in 
0.1  N  rotation,  and  we  have  seen  on  page  19  that  the  ionixat  inn 
increases  as  the  solution  is  diluted.  In  the  cane-  of  such  a  dilute  solu- 
tion at  that  of  silver  chloride  (0.00001  normal)  the  ionization  is  needy 
MX  I  per  rent.  It  is  therefore  logical,  in  such  eases,  to  express  the 
solubility  in  terms  of  the  ions,  whereas  in  the  case  of  the  very  soluble 
sulKtances  it  is  better  to  measure  the  solubility  in  terms  of  the  mass 
of  dissolved  substance. 

The  numerical  values  of  the  ionization  constant  and  of  the  solubility 
product  depend  upon  the  units  used  in  measuring  the  muss  of  the 
dissolved  substance  or  ions  and  in  measuring  the  volume  of  the  solu- 
tion It  is  customary,  in  this  raw,  to  express  the  rnnrvntratioti  in 
moles  per  liter  (cf.  p.  9).  In  the  following  table  the  solubility  of  the 
substance  is  expressed  in  three  ways:  in  gram  of  dissolved  substance 
per  liter,  in  moles  per  liter  and,  finally,  in  terms  of  the  solubility  prod- 
uct, u-ing  moles  per  liter.  The  solubility  of  most  of  the  substances 
given  in  the  table  is  so  slight  that  the  quantity  dissolved  is  negligible 
for  most  purpoSW,  Whenever  the  word  insoluble  is  used  in  this  book 
it  is  with  the  understood  limitation  that  no  substance  is  absolutely 
insoluble  in  water. 
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Hutaum. 


ARBr 
rWCN), 

AgCS 

Asa 

AfrC 


•V 
JO. 

AfaSO. 

!•..,('■'> 
BuCrO. 

CaCOi 

CnCO. 
CaCtO. 
QsF, 


Solubility  in 
Ormnu  yt  Lite* . 


1.1X10-* 

4.3X10-' 

t  ixio-' 

1.6X10-' 
2  5X10-' 
8.3X10-* 
2  1XI(T' 
3.0X10  ♦ 
4  4XUT' 

0  6X10 
80 

1  3X10"* 
3.8X10-* 
2.6X10-' 
I  3 

1.3X10-' 
8  Ox  in 

a 

1  6X10-' 


Solubility  In 
Mole* per  Liter. 


5.9X10-' 
1.6X10"' 
8.4X10"' 
1  1X10"' 
7  fix  10"' 
I.0XI0-* 
9  0X10-' 
I  3X10-' 
1  fiX  IO-' 
1  6X10-' 
2.6X10-' 
4  3X10-' 

i  r>xio-» 

I   l  >  in 
7. fix  IO-' 
1  3XIH   ' 
«  2XIU  ' 

1  SX  I"    ' 

2  OX  10-' 


rWuhilily  Product. 


An)X[Brl-3.5XI0   " 
Ag  >  '        .]  =  2  6X10"" 

Ag  X  |('NS|  =  7.1X10   " 
AgXlCll-I^XlO-" 
Ag'X|CrO,|=l  7X10-" 
Ag*X(Cr,0:)  =  2  7X10-" 
Ag  X  0111=1.9X10-* 
Ag  X  I|=  I  7XI0-" 
Ag  X  IOtl-2  3X10^' 
Ag'X  PO.1-1  8X10"» 

SO.)  =  7.0X10_» 
Bn|X  ' :X),|  =  1.9X10-' 
BalX  CrO,|=2.3xlO-'« 
BulX  BOt]-1  2X10-" 
Ba]X  FP-1  7X10-* 
CalX  CO.I-1  7X10-* 

CrO.l -=3.8X10-' 
CalX  CrOJ-2  3XI0"« 
CalX  Fl'-3  2X10-" 


m 
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SOLUBILITIES   AND  SOU"BII.ITY    PRODUCTS   AT  ROOM 
TEMPERATURE-    Canimui 


Suhrt»m». 


Solubility  In 
OraniM  p»r  I. Her. 


s.luljilit>-  \a 
Mclat  par  Liter. 


Solubility  Pmluct. 


CaSO,.... 
Cu,CCN8),    . 
CuiCI, 
CuJi 

Ci.S 

CIS 

Fa(OH), 

1-,-s 

Fe(OH)i 

Hg.Br,. 

HriCIi      .. 

HgJ. 

1M) 

Bag 

KiPtCI, 

MgCO, 

MgiOH ),.... 

MrNH.PO, 

MnlOHli 

MuS 

2  W  iJlotroiHc  form 
PbBr,. 

Pbl: 
Pb.fPO.), .... 

Di 

PbCrO, 

I'l.S 

srco.   . 
BrOOj. 

SrS<  i. 
Tlllr 

T1CNS 

TICI 

Til 

Zn(OIIi. 

ZnS. 


2.0 

5.0X1O"' 
1.2X10-' 
3.0X1"  ' 
8.8X10  " 
8.6XH' 

8  4xm  ■ 

Ysxin  > 

i  s  ■  in  • 
2.  OX  10"' 


11 

4. ax  io-' 

1  2X10"' 

8  ftXlO-' 

;i  :tx  hi  • 

7.0X10-" 
9.7 
11 
1.1X10-' 
IO-1 
1.4X10-' 

4.2xin-» 

4.3X10-' 
4.9X10-" 
6  0X10-' 

1  0X10-' 

2  3X10   ' 

!     I  X  IO"' 

10_1 
3.2 

3  4 

ft  4X10-' 


3  3XHrw 


1  5X10- ' 

2  1X10~» 
li  .DXIO"4 

8  OX  10-' 

9  2X10" 
8  0X10-" 

i'.exiir* 

a  e  ■  id  ■ 
s  oxio-' 

3.1X10-" 


2.3X10-' 

6  IX 10-' 
2.OXI0"' 
6.3X10-' 

8  8X10-' 
1.2X10"': 
2  7X10-' 

3.»xir« 

4.1X10-' 
1  SX10-' 
1.7X10"' 
1.5X10"' 

1  3X10"' 

2  OX10_,< 
3.8X10-' 
6.8X10-' 
1  8X10-' 
6.0X10-' 
1.7X10-' 
1.2X10-' 
1  4X10  ' 
1.9X10-' 

^fix'io-" 


i'.'    ■    S(i,|  =  2  .".  ■•  in    ' 
Cu  X  CNSJ-1  7X10-" 
Cu  X  Cl|=l  4XI0"« 
Cu  X  I]  =  2.riX10_» 
Cu  X  8  =8  5X10-- 
Cd  X  8  =3  OXIO"* 
Pr]x[0  I):=l  «X10-'« 
PrjX[S|  =  l  r>xio-" 
FrlXlOII|'=l.lX10-" 
HffJX[Br]»-l  3X10" 
llR,|x|Cl|'  =  2.oxin  " 
HgilxilP-i  axiom 

Hk|X[OH|*=4.3X10-'« 
Hb]X[S|  =  4  0X10-" 
K|»X|PtCl.l  =  4  9X10-' 


MRlX 
MK|X 
MglX 

Mn  IX 
Mn  |X 


CO,)=2  6X10- 

=3  4X10-" 
NH.|X[P04|  =  2  axio-" 
OH|'  =  4  OX  IO"" 
S]=1.4X10-» 


N'i|X|S)=l  4X10" 


I'l, 
PI) 
PI, 
PI. 
PI. 
PI. 
PI, 
PI. 
Sr 
Sr 
Sr 
Sr 
PI 
Tl 
II 
•II 


Br)»=7.9X10-* 

C1]'  =  2.4X10-' 
CO,l  =  l  7X10"" 
I|»-1.4X10- 


X|PO,|'-=l  5X10-" 


X  80,1  =  2.3X10" 
X  CrO,|  =  l  8X10-" 
■'  S|=  I  2X10_= 
C|0»1=  1.4X10"' 
COil-4  6X10-* 
X  Fl'  =  2  5X10  » 
90J-8  6X10-' 
Br]=2.9XKT« 

181-1.4x10-' 
CM  =  2  0X1O   * 
.  Ii>:  It)   " 
Zn]X[OHP=1.8X10-" 
Zn]X|81- 1.2X10"" 


The  above  table  is  prepared  from  many  inicl  the  values 

are  baaed,  in  some  cases,  upon  solubility  determinations  by  methods 
which  arc  now  considered  inaccurate.  The  table  gives  a  good  Idea, 
however,  of  the  relative  order  of  magnitude.  For  copper  sulfide, 
the  table  states  that  8.8  X  IO-"  gins,  dissolve  in  1  liter  of  water. 
Obviously,  the  experimental  - 1< - ' -  ion  of  such  a  sm.ull   vuluc  w 

fraught  with  difficulty  arid  the  probable  error  is  large.  For  most 
purposes  such  a  value  represents  a  negligible  quantity  and  the  state- 
ment is  often  made  that  copper  sulfide  is  insoluble  in  water.     It  is 
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instructive,  however,  to  compare  the  solubility  products  of  the  various 
sulfides  and  important  methods  of  separation  have  been  based  upon 
studies.  Only  two  significant  figures  have  been  given  in  the 
table,  although  it  is  obvious  that  more  would  Ik-  justifiable  in  the 
case  of  the  more  soluble  substances,  while  even  the  first  figure  is  doubt- 
ful for  the  very  insoluble  substances.  The  values  arc  affected  to 
diffcrt'iit  degrees  by  changes  in  temperature  ami  (In-  of  other 

substances  in  solution.  A  careful,  critical  study  of  all  the  experi- 
mental data  would  be  necessary  to  give  the  proper  number  of  signifi- 
cant  figures  and  it  woidd  be  necessary  to  give  I  In-  <\;tet   temperature. 

In  computing  the  solubility  products,  the  assumption  has  Iinti 
made  that  tin  ionization  is  complete.  Such  an  assumption  is  not 
permissible  with  a  substance  such  us  ferric  hydroxide,  and  in  such 
cases  only  the  approximate  value  of  the  solubility  product  w  given; 
i  lie  molar  solubility  and  the  grams  per  liter  are  not  stated.  In  other 
cases  the  ionization  is  abnormal  as  noted. 

Two  examples  will  be  given  to  illustrate  the  method  of  computing 
tin-  molar  solubility,  8m,  and  the  solubility  product,  S9.  A  saturated 
dilution    of   silver   iodide;  contains   3.0  X  10"'   gins.    (=0.0090   nig.) 


per  liter.     The  molecular  weight  of  silver  iodide  is  234.8. 


The  satu- 
At 


3  0  X  10~9 
rated  solution,  therefore,  contains  =  1.3  x  I0~*  moles. 

390 

ibis  dilution  the  dissolved  silver  iodide  can  be  assumed  to  be  completely 
ionized: 

AgIf±Ag++r, 

and  since  1  mole  of  silver  iodide  furnishes  1  mole  of  silver  ions  and  1 
mole  of  iodine  ions,  it  is  evident  that  the  solubility  product,  S„  is  for 
[Ag|  X  (I)  =  1 1.3  X  10~»]  X  (1.3  X  KTM  =  1.7  X  10"»  =  $,. 

A  saturated  solution  of  silver  phosphate  contains  6.5  x  10~*  gms. 

=  ti.o  mgs.)  per  liter.     The  substance  is  much  more  soluble  in  water 

•  ban  silver  iodide,  but  its  solubility  product  is  smaller.      Tin-  molecular 

weight  of  silver  phosphate  is  418.7.     The  saturated  solution,    there- 


contains  **  iik10"*  =  1.6  X 


can  be  assumed  to  be  completely  ionized: 

Ag,PO.  t±  3  Ag+  +  POr  "  " 
I  mole  of  silver  phosphate  yielding  3  moles  of  silver  *  and  I  mole  of 
phosphate  ions.     The  solubility  product  is 
i  Igf  x  [PO<|  -  [3  x  1.6  x  10~»r*  x  [1.6  x  10~»]  =  1.8  x  10_M  =  S, 


10"'  moles  of  silver  phosphate  which 


•  It  *  moles  of  Ag»PO«  dissolve  in  u  liter  of  wat.-r  tod  the  AgtFO*  is  completely 
ionised,  the  concentration  of  the  Ag+  b  3 1  and  that  of  the  If)  ~'  "  is  x  when  the  oon- 
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Compi«x  Ions 

Silver  chloride  is  slightly  soluble  in  water;  1  liter  dissolves  about 
1.5  mgs.  It  dissolves  very  readily  in  dilute  ammonia.  The  following 
reaction  takes  place: 

AgCl  +  2NH,«=±Ag(NH,);<  I. 

A  Rtudy  of  the  properties  of  this  new  substance  shows  that  it  dis- 
sociates in  aqueous  solution  chiefly  in  this  way: 

Ag(NH,),CI  T±  [AgtNH,),]*  +  cr. 

The  ionic  changes  involved  in  the  last  two  equations  may  be  ex- 
pressed thus: 

AgCl  ♦=*  Ag+  +  CI"  Ag+  +  2  NH,  ?=*  [Ag(NH,),]+ 

and,  in  accordance  with  the  law  of  mass-action,  the  greater  the  con- 
centration of  the  ammonia,  the  greater  the  extent  to  which  the  reac- 
tion takes  place  in  the  direction  left  to  right.  In  a  normal  solution 
of  ammonia,  the  ratio  of  the  concentration  of  the  [Ag(NrU)i]+  ion  in 
thnt  of  the  simple  Ag*  ion  is  nlwuit  10'  :  1.  The  [Ag(NH»)-]+  ion  differs 
from  the  simple  Ag~  ion  in  much  the  same  manner  as  the  CIO-,  ClOi-, 
or  C10i~  ion  differs  from  the  simple  CI-  ion.     It  is  called  a  complex 

cation. 

When  potassium  cyanide  is  added  to  silver  nitrate  solution  a  white 
precipitate  of  silver  cyanide  is  formed: 

KCN  +  AgNOi  =  KNO,  -f-  AgCN, 


ccnt.ra.tion  is  expressed  in  mob*  per  liler.  If  the  concentration  is  expressed  in  equiva- 
lent* per  lixrr  (i.e..  in  terms  of  normal  solutions),  the  x  moles  of  AgiPO,  furnish  3  t 
equivalent*  of  Ag»PO,  which  ionixo  into  3  z  equivalents  of  Ag+  sad  3  c  equivalents  of 


PO,        .     The  mass  action  law  expression 


!Ag]'  X  |PO.) 


=  *  holds  for  any  method 


of  expressing  concentration*  but  it  i».  on  the  whole,  simplest  and  beat  to  express 
solubility  products  in  moU-t  per  liter,  and  |AgI'  X  |PO»J  ■■  27  z*  in  n  saturated  solu- 
tion of  silver  phosphate  containing  x  molecule*  of  dissolved  <ilvcr  phosphate  com- 
pletely ioaised.  From  the  solubility  product,  the  quantity  of  dissolved  tubal 
can  1)0  calculated.  As  one  of  the  more  complicated  cases,  let  us  consider  lead  phos- 
phate. The  solubility  product.  |Pb]»  X  [PO,]'.  is  1.5  X  10_».  If  i-  moles  of 
Pbi(P0a)i  dissolve  in  a  liter  of  water  and  the  salt  is  completely  ionized,  the  saint n  m 
will  contain  3  x  moles  of  Pb*-+  and  2  r  moles  of  P04~  "     and 


or. 


[Pb|>  X  IPO.]"  =  [3x\>  X  12 xp  -  1.5  X  10"» 
106  .r*  -  1.5  X  10' ■  -  0.015  X  10-*>. 


Then,  with  the  aid  of  loieurit  bnu*.  it  is  easy  to  solve  for  *. 

In  applying  tlir  •mluhility  product  principle  it  is  often  necessary  to  remember 
thai  hydrolysis  often  takoi  place  when  the  wilt  dissolve*  in  water.  In  such  cases 
the  above  methods  of  computation  should  be  modified. 
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but  if  an  excess  of  potassium  cyanide  is  used  the  precipitate  dissolves 

AgCN  +  KCK  =  KAg(CN)a. 
In  ihiB  case  the  ionic  changes  may  be  expressed  as  follows: 
A*+  +  CN-^AgCN, 

AgCN  +  CN-  ^  [Ag(CN),r 

;.nd  i  Li  slvet  has  become  a  part  of  the  anion.  In  this  case  the  value 
nf  the  ratio  of  complex  ion  to  him  pie  ion  is  even  larger  than  in  the  ease 
of  the  silver  ammonia  cation. 

Similarly,  when  insoluble  ferrous  cyanide  is  treated  with  an  excess 
of  potassium  cyanide,  it  dissolven,  forming  potassium  ferrocynnide, 

Fe(CN)2  +  4  ECN  =  l^[Ke(CN).]. 

This  salt  give*  none  of  the  ordinary  reactions  of  ferrous  ions.  The 
iron  forms  an  integral  part  of  the  complex  ferroeyanide  ion  which  has 
its  own  characteristic  reactions,  and  during  electrolysis  always  migrates 
toward  the  anode: 

KrfFb(CH)»l*M  K+  +  [Fe(CN),] . 

It  ie,  in  fact,  quite  common  to  find  that  simple  salts,  particularly 
in  concentrated  solutions,  are  capable  of  forming  such  complex  com- 
pounds. The  simple  ions  can  unite  with  neutral  molecules,  or  with 
ions  of  opjx»iite  charge,  to  form  complex  ions.  If  a  Simple  ion  adds 
to  itself  a  neutral  molecule,  such  as  US ),  HjOj,  NHj  or  organic  radicals, 
then  neither  the  original  valence  nor  the  electric  charge  is  changed. 
Thus  the  trivalent  cobalt  ion  is  cnpahle  Of  forming  a  deep  red  ion  with 
o  molecules  of  ammonia  and  this  complex  ion  has  a  trivalent  charge 
like  that  of  the  original  simple  ion. 

UO++*  +  6  NH,  ^  [Co(NHi)l]+++. 

If,  in  such  a  complex  ion,  one  or  more  of  the  ammonia  groups  is 
koad  by  a  negative  univalent  ion,  the  valence  of  the  complex  ion 
is  reduced  one  for  each  atom  of  negative  ion  thus  entering  into  the 
complex 

|Co(NH,),]—;  ICo(NH,)6.NO,]~;  [oo^Ji  [°»3§3Q* 

In  the  presence  of  potassium  cyanide,  the  trivalent  cobalt  ion 
unites  with  six  CN~  ions  to  form  a  complex  which  has,  in  accordance 
with  the  above  rule,  a  triple  negative  charge.  The  valence  or  electric 
character  of  a  complex  ion  is  the  algebrair  sum  uf  the  valencie.n  or  elec- 
tric charges  of  the  constituents. 

Aa  already  indicated,  the  stability  of  these  complex  ions  varies. 
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When  the  complex  is  very  stuble   the  common  reactions  of  the  con- 
stituents are  not  shown. 

Bea  Iflfl  these  complex  ions  certain  double  salt*  are  known.  Thus 
potassium  and  aluminium  sulfates  crystallize  together,  forming  an 
Blum,  K3SO4  •  Alt(S(>4;i  •  2-1  H,0.  When  this  salt  is  •lissc.lvo.J  in 
r,  the  solution  shows  all  the  reactions  for  potassium,  alumiiiiuru 
and  sulfate  ions,  and  then;  is  little  evidence  of  the  formation  of  a 
complex  ion.  To  determine,  in  a  given  case,  whether  a  mibotiBM 
is  a  double  salt  or  a  complex  salt,  it  is  customary  merely  to  see  whether 
Ihe  cliaracteristir  reactions  of  llie  .simple  ions  arc  shown.  A  salt 
exists  which  has  the  symbol  K('r(Cj04)i-  5  HjO.  An  aqueous  solu- 
tion of  this  salt  readily  shows  the  reactions  for  the  potassium  ions, 
but  reacts  sluggishly  when  tested  for  chromium  cations  or  for  oxalate 
anions.  Evidently  the  chromium  and  the  oxalate  have  united  to  form 
a  complex  anion  with  a  negative  valence  of  one,  but  this  complex  is 
not  as  stable  as  some  of  the  others  that  have  been  mentioned.  It  is 
probable  that  there  is  no  sharp  distinction  between  the  double  salts 
and  the  complex  salts  and  probably  the  double  suits  are  most  logic- 
ally tO  Iw1  classed  as  complex  salts  of  which  the  complex  inn  is  not. 
.  ci  v  stable.  As  a  general  rule,  those  complex  salts  which  are  composed 
of  neutral  -all-  <if  strong  acids  yield  complex  anions  which  are  largely 
dissociated  into  simple  ions  in  dilute  solution.  On  the  other  hand, 
complex  inns  composed  of  positive  ions  and  anions  of  weak  acids  arc 
usually  very  stable. 


Krtirfiun.%  of  the  Ions 

As  already  indicated,  most  of  the  reactions  used  in  qualitative 
analysis  involve  reactions  between  ions.  We  have  seen  that,  in  prin- 
ciple, all  reactions  are  reversible  and  have  learned  to  understand 
some  of  the  laws  which  govern  these  reversible  reactions.  In  analyti- 
cal chemistry,  it  is  necessary  for  the  most  part  to  employ  reactions 
which  take  place  almost  completely  in  the  desired  direction.  Unless 
a  reaction  can  be  made  to  go  MM  ly  to  completion  in  a  given  direction, 
it  is  of  lit  lie  value,  cither  as  a  sensitive  test  or  for  furnishing  a  method 
of  separation.  The  useful  reactions  of  qualitative  analysis,  namely 
those  which  apparently  go  to  completion,  may  be  brought  into  four 
classes: 

(1)  Reactions  in  which  a  gas  is  formed. 

(2)  Reactions  in  which  ■  predpitsta  is  formed. 

I  Reactions  in  which  a  non-ionized  substance  is  formed. 
(4)  Reactions  of  oxidation  and  reduction. 


REACTIONS  OF  THK  IONS  27 

When  a  gas  is  Conned  as  i\  result,  of  a  chemical  reaction  and  the  gas 

escapes,  the  reaction  will  no  to  completion.     Most  gases  can  be  boQed 

I  solution  :iml  thus  all  reactions  of  this  type,  can  bo  made  to  K}0  bO 

completion.     The  reaction  can  be  stopped  by  preventing  the  escape  of 

ill--  gWJ  this  shows  that  the  reaction  is  irdn-n-nt ly  a  reversible  one. 

\V  benSTW  a  sulistance  which  has  a  very  small  solubility  product 
is  formed  by  means  of  a  chemical  reaction,  the  greater  part  of  the  sub- 
stance will  leave  the  solution  in  the  form  of  a  precipitate  and  the 
reaction  will  go  practically  to  completion.  The  table  on  page  '-'1 
n  that  the  saturated  solution  of  silver  chloride  contains  only 
about  one  hundred-thousandth  of  a  mole  ( =  0.01  miUimole)  of  solid 
salt  per  liter.  The  table  also  shows  that  when  the  product  obtained 
by  multiplying  the  concentration  of  the  silver  ions  by  the  product 
of  the  concentration  of  the  chloride  ions  in  any  aqueous  solution  is 
equal  to  1.2  x  10  lft  the  solution  is  saturated  with  aflvw  ohlorid  , 
By  adding  an  excess  of  chloride  ions  to  a  solution  containing  silver  ions, 
possible,  therefore,  to  precipitate  nearly  all  of  the  silver.  It  is 
rn  that  it  ssill  take  less  silver  ions  to  give  the  solubility  product 
when  an  excess  of  chloride  ions  is  used  than  is  necessary  when  pure 
silver  chloride  is  dissolved  in  water. 

The  precipitated  silver  chloride  will  dissolve  completely  in  potas- 
sium cyanide,  because  the  silver  ion  forms  with  the  cyanide  ion  a 
complex  which  is  ionised  to  such  n  slight  extent  that,  the  solubility 
product  of  silver  chloride  is  no  longer  reached,  even  although  all  the 
chlorine  is  present  in  the  ionic  condition. 

The  formation  of  a  non-ionized  substance  also  causes  a  reaction  to 
go  to  completion.  The  table  on  page  10  shows  the  ionization  values* 
of  a  few  common  substances.  This  table  may  be  used  exactly  like  that 
of  the  solubility  product*  to  enable  one  to  predict,  whether  I  reaction 
is  likely  to  go  in  a  given  direction.  The  equilibrium  lietween  water 
and  its  ions  H*  and  OH"  has  been  discussed  on  page  6.  The  same 
reasoning  may  be  applied  to  the  equilibrium  between  any  other  slightly 
ionized  substance  and  its  ions:  whenever  the  ions  are  added  sepa- 
rately to  a  solution,  some  of  the  non-ionized  substance  is  at  once 
formed.  Thus  when  any  acid  is  added  to  the  solution  of  a  sulfide 
a  reaction  takes  place,  partly  because  the  hydrogen  sulfide  is  a  very 
weak  electrolyte  and  partly  Idealise  the  sulistnnce  Ul  B  gas.  Sim- 
ilarly '"il'-min  phosphate  dissolves  in  bydrochlorla  eeid  liecause  more 
ions  are  formed  from  dissolved  calcium  phosphate  than  are 
formed  from  HjPOi"  ions  in  the  presence  of  an  excess  of  H*  ions 
from  the  hydrochloric  acid;  the  reaction  takes  place  because  of  the 
formation  of  a  non-ionized  substance. 
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Finally,  many  reactions  of  oxidation  and  reduction  take  place  nearly 
in  ihsolute  completion,  although  all  these  reactions  run  Ik-  shown 
to  be  inherently  of  a  reversible  typo.  To  understand  such  equilibria, 
however,  it  is  necessary  to  discuss  oxidation  and  reduction  at  greater 
length. 

t  111, Intli, 11     mill    Hi  .//I.    ill,,, 

The  term  oxidation,  in  its  narrowest  sense,  signifies  the  taking; 
up  of  oxygen  by  an  element  or  compound.  Thus  Ferrous  oxifle,  on 
being  heated  in  the  air,  is  converted  into  ferric  oxide  and  the  reaction 
is  called  an  oxidation.  Since,  however,  ferric  chloride  Ivars  (lie  same 
relation  to  ferrous  chloride  that  ferric  oxide  bears  to  ferrous  oxide, 
it  is  customary  to  call  the  change  of  ferrous  chloride  into  ferric  chloride 
an  oxidation,  although  it  is  noi  nnrinaimjf  to  think  'hat  oxygen  takes 
part  in  the  reaction  at  all.  This  is  an  interesting  example  of  a  word 
in  common  use  which  has  come  to  mean  a  great  deal  more  than  it 
originally  meant.  Indeed,  chemists  have  departed  so  far  from  the 
original  meaning  of  oxidation  that  sometimes  the  word  seems  inappro- 
priate, and  the  use  of  another  word,  such  as  adduction,  has  0080  sug- 
gested. Reduction  is  the  exact  opposite  to  oxidation,  and  whenever 
one  substance  is  oxidized  some  other  substance  is  reduced.  Hydrogen 
was  formerly  considered  to  In-  the  typical  reducing  agent,  so  that  the 
definition  for  oxidation  used  to  read  something  like  this:  Oxidation 
is  the  addition  of  oxygen  (or  its  equivalent)  to  an  element  or  com- 
pound or  the  taking  awa>'  of  hydrogen  (or  its  equivalent). 

The  reaction  between  ferrous  chloride  and  chlorine: 

2  FeCla  +  CI,  -  2  FeCU, 

expressed  in  terms  of  the  ionic  theory  becomes, 

2  Fe^  +  Cli  =  2  Fc^  +  2  CI". 

In  other  words,  the  diferrion  has  been  converted  to  triferrion  and  the 
neutral  chlorine  molecule  has  Iwcome  changed  to  negatively  charged 
chloride  ions.  In  all  other  reactions  in  which  a  ferrous  salt  is  oxi- 
dized, the  valence  of  the  iron  is  increased  one,  and  the  modern  concep- 
tion of  oxidation  and  reduction  is  suinnc-il  up  very  i-implv  us  follows: 

Oxidation  is  the  increase  in  the.  valence  of  an  element  or  mil  i  rid  in  the 
positive  direction;  reduction  is  the  increase  in  the  valence  of  an  element 
or  radical  in  the  negalim  Oxidation  involve*  the  assumption 

of  positive  charges  or  the  loss  of  negative  charges  and  reduction  in 
volves  the  loss  of  positive  charges  or  the  assumption  of  negative  chi  i 

According  to  the  clectrnni'  conception  of  tin'  constitution  of  mattci, 
the  atom  of  an  element  consists  of  positively  charged  corpuscles  and 
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negatively  charged  corpuscles  or  electrons.  The  mass  associated 
with  the  positive  dectrieil y  is  much   lamer  than  I  lie  mass  associated 

he  equal  charge  of  oegal  Ive  electricity.  The  number  of  positive 
and  negative  electron*  which  make  ii|i  the  atom  is  probably  a  very 
small  multiple  of  the  atomic  weight  of  the  dement,  The  imua  asso- 
ciated with  a  unit,  negative  charge  is  so  small  that  it  may  easily  be  lost, 
hut  only  under  conditions  such  that  it  is  accepted  by  some  other  atom. 
The  originally  neutral  atom   which   loses  (he  electron   tlui.s   beeOOMe 

ir.;,  eharged  and  the  atom  which  accepts  the  negatively  charged 
electron  becomes  negatively  charged,  and  a  tube  of  force  holds  the 
two  elements  together  in  a  so-called  chemical  compound.  In  the  light 
<if  the  electron  theory,  therefore,  an  element  is  oxidized  when  it  loses 
an  electron  and  an  element  is  reduced  when  it  receives  an  electron. 
This  is  the  simplest,  and  ai  t  he  same  time  moat  comprehensive,  theory 
of  oxidation  that  has  ever  been  suggested. 

Oxidation,  according  to  this  conception,  is  essentially  an  electric 
phenomenon.  This  theory  suggests  the  thought  that  it  ought  to 
be  possible  to  accomplish  oxidation  and  reduction  simply  by  means  of 
electric  energy.  As  a  matter  of  fact  probably  every  oxidation  and 
reduction  can  be  brought  about  in  the  electrolytic  cell  if  the  proper 

itions  be  maintained.  Using  the  conventional  symbol  ©  to 
designate  a  unit  charge  of  positive  electricity  and  0  to  designate  a 

charge  of  negative  electricity,  but  bearing  in  mind  that  the  nega- 
tive electricity  is  alone  transferred  and  that  the  only  way  an  element 
can  gain  in  positive  charge  is  by  losing  one  or  more  negative  electrons, 
we  may  express  oxidations  in  the  electrolytic  cell  as  follows: 

Pl+t  +  ©  -,  F*W,     or     Fe^  -  ©  —  Fe+++ 

Such  oxidations  take  place  at  the  electrode  called  the  anode.  Con- 
versely, at  the  cathode,  ferric  salts  can  be  reduced  to  the  ferrous 
condition: 

Fe*++  +  ©  -*  Fe++. 

N'ot  only  may  all  oxidations  and  reductions  be  accomplished  by 
the  electric  current,  but,  vice  versa,  an  electric  current  may  be 
produced  by  a  proper  arrangement  of  the  components  of  any  reaction 
of  oxidation  and  reduction.  Thus  some  ferric  chloride  and  sodium 
chloride  solution  in  a  small  beukcr  may  Ik;  connected  with  a  second 
beaker  containing  sodium  chloride  by  means  of  a  U-tubc  filled  with 
dilute  salt  solution.  If  a  platinum  electrode  is  placed  in  each  beaker 
mid  the  terminals  are  connected  with  a  sensitive  voltmeter,  no  cur- 
rent will  pass  through  the  wire.  On  pouring  some  hydrogen  sul- 
fide wBter  into  the  beaker  containing  sodium  chloride,  a  decided  deflee- 
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tion  of  ihe  voltmeter  needle  is  at  once  observed,  showing  the  passage 
of  electricity.  The  negative  current  enters  the  voltmeter  from  the 
solution  containing  the  hydrogen  sulfide  and  passes  on  to  the  ferric 
chloride  solution  and  hark,  through  the  sail-bridge,  to  the  hydrogen 
sulfide  solution.  The  chemical  reaction  that  take,*  plure  is, 
■2  I-V++  4-  S~  -  —  2  Fe-H-  +  S. 

The  electric  current  is  produced  as  a  result  of  the  oxidation  of  the 
sulfide  ions  and  reduction  of  the  ferric  ions. 

Oxidation  and  reduction  reactions  are  inherently  reversible  reac- 
tions, like  all  other  chemical  reactions,  utid  are  effected  by  the  concen- 
trations of  the  reacting  substances.  Thus,  in  the  above  experiment 
tin-  intensity  of  the  electric  current  can  be  greatly  increased  by  using 
a  soluble  sulfide  instead  of  hydrogen  sullide,  the  formOl  being  more 
largely  dissociated  and  yielding  a  larger  concentration  of  sulfide  ions. 
Or,  by  adding  a  fluoride  to  the  solution  of  ferric  chloride,  a  fairly  stable 
complex  ion,  [FcFj]~  ,  is  formed  Mid  the  current  slackens,  owing  to 
the  decreased  concentration  of  the  ferric  ions. 

Some  of  the  more  important  oxidizing  agents  used  in  analytical 
chemistry  are  the  halogens,  nitric  acid,  potassium  permanganate,  potas- 
sium dichromate  and  hydrogen  peroxide. 

Important  reducing  agent*  are  metals,  sttlfurous  acid,  hydrogen  sulfide, 
stannous  chloridf  and  hydriodtc  acid. 

The  oxidizing  action  of  halogens  de|iend.s  upon  the  conversion  of 
the  neutral  halogen  into  halogen  anions. 

The  oxidizing  action  of  halogen  upon  ferrous  ions  results  in  the 
formation  of  ferric  ions  and  of  halide  ions: 


or 


2  FC++  +  CI,  ->  2  Fe+++  -f  2  CI", 

2  FeCl,  +  Oe  -  2  FcCU, 
The  action  of  halogen  upon  hydrogen  sulfide  is  interesting. 


First 


of  all,  the  sulfide  ion  is  oxidized  to  free  sulfur, 
B£+Br,-+2HBr-f-8, 

but,  if  the  bromine  is  fairly  concentrated,  the  reaction  may  go  farther 
and  the  sulfur  lie  converted  into  Bolfario  acid,  the  whole  MMtiDO  being 

H,S  +  4  Br,  +  4  H,0  =  H,SO«  +  8  HBr. 

It  will  be  noticed  tlmt  it  is  very  easy  to  balance  equations  of  oxi- 
dation and  reduction  by  noticing  the  change  in  valence.  In  this 
last  equation  sulfur  goes  from  a  negative  valence  of  two  to  a  positive 
valence  of  six,  making  an  algebraic  change  of  eight,  which  corresponds 
to  the  loss  of  eight  electrons  by  the  sulfur  atom. 
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The  oxidizing  action  of  nitric  acid  depends  upon  the  reduction  of 
the  nitrogen.  The  extent  of  the  reduction  depends  upon  the  con- 
centration of  the  mil  no  The  nature  of  the  substance  oxidized. 
The  more  concentrated  tin-  nitric  Mid,  t Ik-  lea  it  is  reduced;  tin  more 
concentrated  the  reducing  agent  and  the  stronger  its  reducing  power 
the  gnsta  the  reduction  of  the  nitric  acid.  Nitric  oxide,  NO,  is 
commonly  formed,  hut  often  other  products  mhIi  :is  nitrogen  peroxide, 
nitrous  oxide,  nitrogen  and  even  ammonia  are  produced. 

In  nitric  acid,  (In-  nitrogen  atom  has  five  positive  electric  charges 
reading  upon  it.  When  it  is  reduced  to  nitric  oxide,  NO,  it  hits  only 
two  positive  charges,  the  nitrogen  having  accepted  three  electrons. 
The  reaction  Ih-uvcmi  :t  ferrous  salt  and  nitric  acid  is, 

3  Fe-^  +  NCV  4-  4  H+  -*  3  Fe^  +  NO  +  2  H,( ), 
6  FeSO,  +  2  HNO,  +  3  H,SO,  =  3  Fc(S04),  +  2  NO  +  4  H,0. 

The  reaction  is  doubled  in  the  last  instance  simply  to  get  an  even 
numlier  of  molecules  of  Foj(S0i)3.  The  addition  of  sulfuric  acid  is 
unnecessary,  as  the  nitric  acid  can  also  act  as  an  acid,  in  which  ..li- 
ft mixture  of  ferric  sulfate  and  nitrate  is  formed: 

3  FcSO<  4-  I  UNO*  -  l«'c(SO0«  +  Fe(NO,)»  +  NO  4-  2  H,«  >. 

The  action  of  nitric  acid  on  a  sulfide  is  interesting.  If  the  nitric 
acid  solution  is  cold  and  dilute  (0.3  N)  there  is  hardly  any  oxidation 
of  the  sulfur: 

MnS  4-  2  HNO,  =  Mn(NO,)8  +  H,S  T  . 

If  tin-  nitric  acid  is  more  concentrated  (e.g.,  2N)  and  the  solu- 
tion is  heated,  the  sulfide  is  changed  to  nitrate  and  free  sulfur  is 
formed.  Thus  for  the  reaction  between  copper  sulfide  and  hot  nitric 
acid,  each  atom  of  sulfur  loses  two  elect  ion-,  iuid,  iii  accomplishing  the 
oxidation,  an  atom  of  nitrogen  gains  three  electrons.  The  reaction  may 
be  expressed  thus: 

3CuS  +  8HNO,  =  3  Cu(NO,),  4- 4  H,0  4- 3  S  +  2  NO, 
3Co8  +  8  H+  4-  2  NO,"  — 3CU-H-  +  4H.O  +  38  4-  2  NO. 

If  the  nitric  acid  Ee  very  concentrated,  tin-  greater  part  of  it  is 
reduced  only  to  NO*  and  the  sulfur  is  oxidized  to  sulfuric  acid.  The 
reaction  may  then  be  written: 

CuS  +  8  HNO,  =  CuSO«  4-  8  NO,  4-  4  H,0. 

The  oxidizing  action  of  permanganate  depends  upon  the  readi- 
ness with  which  the  manganese  is  converted  into  a  manganese  com- 
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pound  of  lower  valence.  In  the  permanganate  anion,  MnO«~,  the 
manganese  has  a  positive  valence  of  seven.  Ordinarily,  in  acid  solu- 
tmii,  the  permanganate  is  reduced  to  bivalent  manganese  cation, 
corresponding  to  a  loss  of  five  positive  charges,  or  acceptance  of  five 
electrons: 

MnOr  +  5  Fe-H-  +  8  H+  =  Mn++  +  5  Fe+++  +  4  H,0; 

2  Mn04_  +  5  BjB  +  6 II *  =  2Mn^  +  5  S  +  8  H,0; 

2Mn(V  4-  5Sn^+  +  16 11+  -  2Mn++  +  680*+*+  -f  8H,0; 

2  MnO«~  4-  10  HI  +  6  K+  =  2  Mn++  +  .'» I,  +  8  H,0. 

The  oxidizing  action  of  a  chroniate  or  dichromate  ordinarily  de- 
pends upon  the  formation  of  trivalent  chromic  ions.  In  the  chro- 
mate and  dichromate  ions  the  chromium  atom  has  a  positive  valence 
of  six,  so  that  for  each  atom  of  chromium  the  reduction  corresponds  to 
a  loss  of  three  positive  charges,  or  gain  of  three  electrons.  Potassium 
chromate  in  acid  solution  is  in  equilibrium  with  the  dichromate: 

2  CrOr  "  +  2  H+  -*  2  HCrOr  -*  H,0  +  Cr,Or  " 

In  balancing  equations,  therefore,  it  makes  little  difference  whether 
we  start  with  the  chromate  or  dichromate,  except  with  respect  to 
the  quantity  of  acid  required: 

Cr,OT  "  +  6  Fe-H"  +  I4  H+  -» 2  Cr*""-  +  0  Be***  +  7  H,<); 

Cr,0,—  +  3S" '  +  14 H+-»2Cr*+*  4-88  +  7 E&Oj 

Cr,OT ~  +  3  8n++  4-  14  H+  —  2  Cr+^-  +  3Sn++++  4.  7  H,0; 

Cr,OT  "  +■  6 1"  +  14  11+  -»  2  Cr**+  +  3 1,  +  7  H,0. 

Hydrogen  peroxide  acts  both  as  an  oxidizing  agent  and  as  a 
reducing  agent.  It  oxidizes  ferrous  chloride  to  ferric  chloride  and 
it  is  capable  of  reducing  permanganate  to  mangunous  salt.  This 
anomalous  behavior  has  been  the  cause  of  considerable  discussion 
in  the  literature.  It  is  un necessary  to  go  into  the  details  of  such  a 
discussion,  but  a  simple  explanation  of  this  behavior  will  lx-  suggested. 
In  all  the  other  compounds  of  hydrogen  and  oxygen  that  we  sin II 
study,  hydrogen  has  a  positive  valence  of  one  and  oxygen  a  negative 
valence  of  two.  With  hydrogen  peroxide,  also,  it  is  best  to  assume 
that  the  hydrogen  hits  it.-  normal  valence  corresponding  to  one  posi- 
tive charge.  Two  structural  formulas  are  at  once  suggested  for  hydro- 
gun  peroxide, 


H 


•-. 


H/ 


OZtO    or 


H 
H 


O 
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lOach  of  ( hesc  formulas  gives  to  (HM  atom  of  oxygen  its  normal  negative 
charge  of  i«ii  units  of  electricity  and  eaefa  gives  to  one  atom  of  oxygen 
an  equal  number  of  positive  and  negative  charges.  It  is  unnecessary, 
therefore,  to  attempt  to  decide  which  of  these  formulas  is  the  more 
appropriate. 

The  characteristic  behavior  of  hydrogen  peroxide  may  be  traced 
to  the  presence  of  the  atom  of  oxygen  which  has  an  equal  number  of 
ivt  Mid  negative  charges.  In  alkaline  solution,  hydrogen 
peroxide  decomposes  spontaneously  and  oxygen  is  evolved.  This 
spontaneous  decomposition,  with  the  formation  of  neun.il  oxygen,  is 
easy  to  understand  on  the  basis  of  the  assumption  that  the  origins] 
molecule  already  contains  the  atom  of  oxygen  in  a  very  unstable  con- 
dition of  neutrality. 

The  oxidizing  power  of  hydrogen  peroxide  is  due  to  this  atom  of 

oxygen.     In  acid  solutions  ferrous  iron  is  converted  by  it  to  the  ferric 

tion.     The  peculiar  atom  of  oxygen  lOSCS  Eta  punitive  charge  Bad 

ive-  in  ii-  place  a  negative  charge;  the  total  change  corrcspondim; 

to  the  acceptance  of  two  electrons: 

2  Fe++  +  HA  +  2  H+  -t  2  Fe+++  +  2  H,0. 


The  reducing  |x>wcr  of  hydrogen  peroxide  also  depends  upon  the 
presence  of  this  atom  of  oxygen.  When  in  contact  with  a  powerful 
oxidizing  agent,  such  as  permanganate  or  another  peroxide,  a  reac- 
tion takes  place  and  oxygen  gas  is  evolved.  It  has  always  been 
assumed,  since  the  classic  experiments  of  Sehfinben,  that  half  of  the 
.  VOired  oxygen  OOmea  bom  the  oxidizer  and  half  from  the  hydn 
peroxide.  It  is  simplest  to  assume,  therefore)  that  the  oxygen  is 
oily  changed  to  an  atom  with  two  positive  charges  which  -it 
once  unites  with  negatively  charged  oxygen  in  the  oxidizer;  or,  this 
oxygen  in  the  hydrogen  peroxide  may  unite  with  .similarly  charged 
oxygen  in  another  peroxide. 

9  IfttCV  +  5  HA  +  6  H+  —  2  Mn++  +  8  H,0  +  5  O,; 

MnO,  +  HA  +  2  H+  -»  Mn++  -f  2  H,0  +  O,; 

CoA  +  HA  +  4  H+  —  2Co++  +  3  H,0  4-  Ot- 

The  characteristic  action  of  the  more  important  oxidizing  agents 
has  now  been  considered  briefly  and  it  remains  to  describe  the  char- 
behavior  "f  the  important  reducing  agents.    Since  every 
oxidation  involves  a  simultaneous  reduction,  all  of  the  above  reac- 
1 1    used  to  illustrate  reduction  as  well  as  oxidation. 
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The  reducing  action  of  hydrogen  and  of  metals  depends  upon  the 
conversion  of  the  neutral  hydrogen  *  or  metal  into  positively  charged 
cations.  Such  a  reduction  may  take  place  in  acid,  alkaline  or  neutral 
solution. 

(a)  In  acid  solution,  by  the  employment  of  zinc,  etc.: 

Zn  +  H,S04  =  ZnSO«  4-  H,  T 
or 

Zn  +  2  H+  —  Zn++  -f  H,  1 . 

lii  reaction  in  itself  represents  both  an  oxidation  and  a  reduction, 
inasmuch  as  the  metallic  zinc,  which  is  electrically  neutral,  becomes 
changed  into  zinc  with  two  positive  charges  and,  cm  the  other  hand, 
the  hydrogen  in  sulfuric  acid  has  lost  two  charges  and  liecome  electric- 
ally neutral  hydrogen. 

If  there  is  some  other  ion  present  in  the  solution  which  is  easier  to 
rtdoM  (IlU  the  hydrogen  ion,  it  is  possible  that  no  hydrogen  will  D6 
evolved.  Thus  zinc  can  be  amalgamated  so  that  it  will  not  react  with 
acid  and  yet  will  reduce  ferric  ions  to  the  ferrous  condition: 

2  Fe+++  +  Zn  =  Zb++  -f  2  Fe++. 

By  the  action  of  zinc  and  very  dilute  sulfuric  acid,  it  is  easy  to 
transform  silver  chloride  into  metallic  silver: 

2Ag+  +Zn-*Zn++-r-2Ag, 

or  an  arsenite  into  amino: 

AsO, +  3  Zn  +  9  H+  —  3  Zn++  +  3  H,0  +  AsH,. 

The  result  of  this  last  equation  is  the  oxidation  of  zinc  from  the  metallic 
condition  to  the  bivalent  state  and  tin-  n-duetinn  of  tin-  arsenic  which 
is  given  three  negative  charges  in  place  of  the  three  positive  charges 


*  Ptoraoeri] .  I  Mil  n  I  be  tficory  of  oxidation  and  induction  potentials  wan  known,  it 
wa*  customary  to  refer  many  of  the  reduction*  takirm  place  in  aqueous  .ioliition  to  the 
MtiOB  01  UMRl  hydngtii       Nj-^m    In-dm^i'ii  >vii.»  ilu1  name  pvi'ii  to  hydrogen  in 

the  sutc  in  vbiok  it  tsdatt  it  the  momanl  it  i»  »t  free  from  a  eompound 

In  the.  older  nomenclature,  the  reducing  hot  ion  of  sulfuimi*  ueid  «»  attributed  per- 
haps to  the  "affinity  '  thai  this  BUbttMOC  had  Inr  oxygen.  If  the  oxygen  wag 
obtained  from  water,  then  thr  hydrogen  :it  the  moment  it  wa*  set  free  was  aj^^i in ■■■> I 
t.i  In-  napabh  of  causing  reductions  whieh  hydrogen  could  not  ordinarily  accomplish. 
Similarly  when  lino  rati  IB  uiih  dilute  ■old   hydrogen  M  Sfohnsd  and  because  sine  in 

i  lif  pi  iiliii.    mhI  will  :i >n  i|dt«h  r.  MJin-  ti.  hi  v  which  hydrogen  in  its  normal 

cniiilition  was  incapable  uf  i  ffa  ting,  it  was  customary  to  consider  the  action  of  tine 
iind  acid  to  ruuccnl  hydrogen. 

I'ln'  reducing  power  of  aa  nkmntl'i  however,  ia  detemiim  d  \»  rilir  reduction 

potential  (of.  p.  37).  The  higher  the  dement  stands  in  the  electromotive  serie*.  the 
iwiw  it  Li  oxidiiwl  and  the  grmter  i- il !-  power  as  a  reducing  agent.  In  ino*t  canes, 
to-day,  the  use  i»l  the  term  luixctnt  hydrogrn  is  unnccemary. 
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it  has  in  AsO,-"  Thus  each  As  atom  loses  six  charges  of  electricity 
and  each  Zn  atom  gains  two,  ao  that  it  takes  three  Zd  atoms  to  reduce 
one  AsO»  anion. 

(b)  In  alkaline  solution,  by  means  of  zinc,  aluminium,  sodium 
amalgam,  or  by  Dcvarda's  Alloy  (Cu  =  50,  Zn  =  5,  Al  =  45), 

Zn  +  2  ()H~  -»  ZnOT  "  +  H,  T 
2Al  +  20H-  +  2H!0-.2A10r  4-BBftf. 

In  the  case  of  Devarda's  Alloy,  (he  reaction  is  completed  much  more 
quickly  than  by  the  use  of  either  zinc  or  aluminium  alone.  Nitrates 
and  chlorates  may  be  reduced  in  n  few  minutes  by  means  of  Dcvarda's 

»  Alloy  and  a  few  drops  of  sodium  hydroxide;    the  reaction  also  takes 
place  in  neutral  solution,  but  it  takes  considerably  longer: 
1 
ami 
zim 


NO,"  +  4  Zn  +  7  OH- 
CKV+3Zn  +  60H- 


4  ZnOT 
♦  3  ZnO," 


+  2  H,0  -f-  NH, 

"  +  3  H,0  +  cr. 


In  the  nitrate  ion  nitrogen  has  a  positive  valence  of  live;  in 
ammonia  it  has  a  negative  valence  of  three.  By  the  reduction  with 
due,  therefore,  the  nitrogen  loses  eight  positive  charges,  or  accepts 
eight  electrons.  At  the  same  lime  the  zinc  loses  two  electrons,  form- 
ing, in  a  neutral  or  alkaline  solution,  the  zineate  anion.  Thas  one 
atom  of  nitrogen  in  the  nitrate  ion  requires  four  atoms  of  zinc  to  eon- 
\  i-rt  it  into  ammonia. 

Similarly,  the  chlorine  atom  in  the  rlilimili  imi  lias  a  positive  valence 
of  five  and  is  reduced  to  a  negative  valence  of  one  by  the  reaction  with 
d  or  alkaline  solution.  Thus  one  chlorate  ion  rMCUl  with 
three  atoms  of  zinc.  Inspection  of  the  above  equilibrium  esq 
shows  that  one  could  predict  thai  the  reactions  would  take  place  l*?st 
in  alkaline  solution  in  accordance  with  the  mass-action  law. 

Reduction  by  means  of  sulfurous  acid  takes  place  in  moderately 
acid  solution  and  depends  upon  the  fact  thai  sulfut  fa  more  stable 
when  it  has  six  positive  charges,  as  in  sulfuric  acid,  than  when  it  has 
only  four  as  In  sulfurous  acid.  Ferric  salts  are  readily  reduced  by 
this  reagent,  and  since  the  iron  loses  only  one  valine.-  while  the  sul- 
fur gains  two,  it  is  evident  that  one  molecule  of  sulfur  dioxide  (the 
anhydride  of  sulfurous  acid)  will  reduce  two  atoms  of  iron  in  a  ferric 


Fe,(SO,),  +  2  H,0  -f  SO,  =  2  H,SOt  +  2  fleSO,, 


2  Fc+++  +  SO"  +  H,0  ->  2  Fe++  +■  80,"  +  2 H+. 
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In  a  similar  maimer,  the  arsenate  ion  and  many  other  substances 
are  reduced  very  readily  by  means  of  SOi  or  S0»~  " : 

AuO« +  SO,"  ~  —  AsOi +  SOT 

An  excess  of  aqueous  sulfurous  acid  is  added  to  the  solution  which  is 
to  be  reduced;  it  is  than  In  ated  to  boiling;  and  the  boiling  is  contin- 
ued while  a  stream  of  carbonic  acid  gas  is  passed  through  the  solu- 
tion until  the  excess  of  sulfurous  acid  is  driven  off. 

Reduction  by  means  of  hydrogen  sulfide,  in  which  the  sulfur 
atom  possesses  two  negative  charges,  depends  upon  its  oxidation  to 
free  sulfur,  which  is  elect  rically  neutral.  Thus  two  atoms  of  ferric  iron 
are  reduced  to  ferrous  iron  by  one  molecule  of  hydrogen  sulfide  and 
one  molecule  of  potassium  dichromate  reacts  with  three  molecules  of 
hydrogen  sulfide: 

2  Fe+++  -r-  HjS  ->  2  Pe++  +  2  H+  +  8 
Cr,0,—  -(-  3  H,S  +  8  H «-  —  2  Cr+++  -f  3  S  -f  7  H,0. 

One  objection  to  the  use  of  hydrogen  sulfide  as  a  reducing  agent  is 
the  difficulty  involved  in  the  subsequent  removal  of  the  precipitated 
sulfur  by  filtration.  Moreover,  hydrogen  sulfide  is  used  in  qualitative 
analysis  chiefly  as  a  precipitant.  If  a  solution  contains  an  oxidizing 
agent  (such  as  nitric  acid,  chloric  acid,  chromic  acid,  etc.),  the  sulfide 
ion  will  be  oxidized  and  there  will  be  separation  of  sulfur.  Any 
sulfide  obtained  will  be  largely  contaminated  with  sulfur,  which  rendei- 
tbe  subsequent  examination  more  difficult.  If  the  solution  contains  no 
metal  which  is  precipitate  I  I'-.  hydrogen  sulfide,  but  contains  oxidizing 
agents  it  will  still  cause  separation  of  sulfur.  One  is  often  in  doubt 
whether  there  is  not  some  sulfide  mixed  with  the  sulfur,  and  is  therefore 
obliged  t<>  examine  1  he  precipitate  further,  whiidi  is  often  unnecessary  if 
the  oxidizing  agent  is  previously  destroyed.     Hydrogen  sulfide  reduces 


=  2HCl  +  S. 

=  4H,0-|-2NO  +  3S: 

=  3  HaO  4- HC1  +  3  s 

-  2  HC1  +  2  FeCI:  +  S  j 
=  6H30+2CrH-+-|-3S; 


Halogens:  H,S  +  CU 

Nitric  Arid.  2HNOi  +  3H,8 

Chloric  Add:  BCTO,  +  3H£ 

Ferric  Salts:  2  FeCU  +  H*S 

Chromic  Add:  2  ( 'rO,  +  3  H.S  +  6  H+ 

Permanganic  Acid:  2  HMr.o,   |  .",  H,S  +4  H+  =  8H,0+2Mn+++  58; 

ami  many  other  substam 

Reduction  with  stannous  chloride  takes  place  usually  in  acid 
solutions.  The  reduction  depends  upon  the  fact  that  stannous  ions 
ure  readily  changed  to  stannic  hlflfl 

SnCls  +  CI,  =  SnCh, 
**  Sn++-rCl,  =Sn^  +  2Cr. 
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Ferric  salts,  chromatcs,   isirmanganutes,  mercuric  salts,  ami  many 
others  are  reduced  in  this  way: 

2  FfrH-*  +  Sn++  -» 2  Fe++  -f-  Sn"1-^; 

2  CrOr  ~  +  3  8n++  +  16  H+  —  2  Cr+++  +  3  Sn++++  +  g  H,0; 

2  HgCl,  +  Sn++  -♦  Sn-H-H-  +  Hg,Cl,  +  201"; 

Hg,Cl,  +  Sn++  -*  Sn-H^+  +  2  Hg  +  2  CI". 

Reduction  with  hydriodic  acid  depends  upon  the  change  of  the 
iodine  anion  into  free  iodine.  Most  substances  that  arc  capable  of 
lining  oxidized  or  reduced  readily  can  !>e  made  to  react  with  rillu • 
hydriodic  acid  or  with  free  iodine.  It  is  easy  to  detect  the  presence  of 
free  iodine,  and  for  this  reason  the  iodnm.  1 1 1>-  reactions  are  extremely 
important  in  the  study  of  analytical  ofaemistry,  To  prevent  the 
oxidizing  effect  of  free  iodine,  an  excess  of  potassium  iodide  is  usually 
require.  I.  :m<l  means  are  often  taken  to  remove  the  iodine  as  fast  as  it 
is  formed;   this  is  in  accordance  with  the  mass-w-tiun  principle, 

2Mo04~  +  10  r  +  WW  —  2Mn++  +  8H,0  +  5Ii; 

CriOT-  +  6 1"  +  14  H+  —  2Cr+++  +  7  Ha0  +  3 1,; 

2  Fc+++  +  2  I~  —  2  EW+*  -I-  I,. 

Electromotive  Series  and  Reduction  Potentials 

If  a  substance  like  sugar  lies  as  a  solid  on  the  bottom  of  a  lieaker 
filled  with  water,  the  molecules  of  sugar  u-ml  to  distribute  themselves 
throughout  the  solution;  in  other  words,  the  sugar  (haolvea  'I 'hs 
tendency  of  the  solid  moleculei  to  pass  into  solution  may  be  regarded 
as  the  result  of  pressure  and,  in  fact,  it  is  customary  to  say  that  the 
solid  substance  possesses  a  solution  pressure. 

If  suffii'iiMi  solid  is  present,  eventually,  with  the  aid  of  diffusion, 
tin  liquid  will  reach  a  state  of  saturation.  The  liquid  then  ronrain- 
an  equal  ipiantity  of  sugar  in  all  its  parts  and,  at  the  prevailing  L-iujmt- 
ature,  will  not  dissolve  any  more  sugar.  There  must,  therefore,  be 
some  force  which  acts  in  opposition  to  the  solution  pressure  and  pre- 
vents a  saturated  solution  from  dissolving  any  more  of  the  solid 
substance.  This  force  is  the  osmotic  pressure  which  the  dissolved  mole- 
cules exert  in  the  solution.  In  a  saturated  solution,  the  osmotic  pres- 
sure, which  is  itself  determined  solely  by  'I"  numbej  Of  molecules  of 
dissolved  lubetance  and  the  temperature,  exactly  balanee*  the  solu- 
tion pressure  of  the  solid  substanei  The  process  of  dissolving  a  solid 
substance  involves  no  electrical  effects.  This  is  also  true  when  the 
dissolved  substance  is  an  ordinary  electrolyte,  because  an  equal  number 
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of  positive  and  negative  ions  is  formed  and  there  is  no  electric  dis- 
turbance. 

The  metal*  themselves,  though  usually  to  a  much  less  degree,  also 
show  I  tendency  to  dissolve  when  placed  in  contact  with  witter.  In 
this  case,  however,  an  oxidation  takes  place,  for,  to  the  extent  that  it 
dissolves,  the  metal  is  converted  into  electrically  charged  ions.  The 
tendency  of  the  metal  to  dissolve  is  called  its  electrolytic  solution  pres- 
sure. Just  us  in  the  0M6  of  the  sugar,  the  osmotic  pressure  of  the 
dissolved  ion  acts  against  the  solution  pressure.  The  electrolytic 
solution  pressure  has  a  definite  value  which  i^  characteristic  of  each 
metal, 

If  a  metal  such  as  rine,  which  oxidizes  fairly  readily,  is  placed 
in  a  .saturated  solution  of  zinc  sulfate,  none  of  the  metal  dissolves.  If 
it  is  placed  in  contact  with  a  dilutr  .solution  of  zinc  sulfate,  the  solu- 
tion pressure  of  the  zinc  is  greater  than  the  deposition  pressure  and 

■ positively  charged   zinc  ions  pass  into  solution.     Thereby,   the 

metal  itself  acquires  a  negative  charge  and  the  solution  a  positive 
'  i  result  of  i  he  charge  residing  upon  the  zinc  ions  that  have 
none  into  solution,  an  electrostatic  force  is  produced  which  seeks  to 
t  In-  ions  back  upon  the  metal.  This  electromotive  force  is  added 
to  the  osmotic  pressure  of  all  the  zinc  ions  in  .solution  and  it  increases 
rapidly  with  the  number  Of  inns  that  dissolve  from  the  metal.  When 
the  sum  of  the  osmotic  pressure  plus  the  electromotive  force  is  equal 
to  t  ho  electrolytic  solution  pressure  of  the  zinc  the  zinc  stops  dissolving. 

when  a  lees  readily  oxidizable  metal,  such  as  oopper,  is  placed  in  a 
oopper  sulfate  solution  the  relations  are  reversed.  In  this  case,  except 
in  extremely  dilute  solutions,  tin  osmotic  pressure  is  greater  than 
the  solution  pressure  and  the  metal  does  not  dissolve;  on  the  contrary, 
a  few  of  the  copper  ions  are  discharged  on  the  metal,  giving  to  it  a  posi- 
tive charge  while  the  solution  heroines  negatively  charged.  Equilib- 
rium is  established  as  soon  as  a  few  of  the  ions  have  l»m  thus  deposited. 
The  potential  difl  between   the  metal  and   its  solution,  or,  as  it 

may  be  called,  the  redaction  potential  of  the  metal,  is  said  to  lie  posi- 
ti-.e  when    the  charge,  of   the  solution  U    positive;    this  is   the   case  with 

the  readily  oxidizable  metals  such  as  magnesium,  aluminium,  anc,  iron, 
etc  On  the  other  hand,  the  reduction  potential  of  the  metal  is  nega- 
tive when  it  is  difficultly  oxidizable;  this  is  tin  ■:, -.,■  uiih  copper, 
platinum  and  gold, 
a  pie  contact  of  a  metal  with  a  solution  of  its  ions  usually 
results  in  a  potential  difference  l»tween  the  metal  and  the  solu- 
tion. Such  a  potential  is  determined  by  the  relation  that  exists 
between   the  electrolytic  solution   pressure   of   the   metal  and   the 
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osmotic  pressure  of  the  solution.  Equilibrium  is  soon  reached  in 
most  cases  and  the  simple  contact  of  a  metal  with  a  solution  of  its 
ions  is  not  a  permanent  source  of  electricity.  If,  however,  two  metals 
of  different  potential  are  placed  in  contact  with  their  respective  solu- 
tions, then  electric  charges  of  different  potent  ml*  result,  and  if  the  two 
metals  are  connected  outside  the  liquids  by  a  wire,  an  electric  current 
flows  from  the  higher  potential  to  the  lower.  Since  the  original  differ- 
ences in  potential  between  the  solutions  and  the  metals  arc  constantly 
beinK  reestablished,  a  permanent  current  results.  This  is  the  prin- 
ciple of  the  Daniell  cell,  in  which  a  normal  solution  of  copper  sulfate. 
i»  separated  by  a  porous  partition  from  :i.  normal  solution  of  zinc 
sulfate.  A  sine  rod  is  placed  in  the  zinc  sulfate  solution  and  a  copper 
plate  in  the  copper  sulfate  solution;  the  current  flows  through  the  wire 
from  the  copper  to  the  sine  and  through  the  solution  from  the  zinc 
to  the  copper. 

In  the  case  of  metals,  electrolytic  solution  tension  and  reduction  potential 
refer  to  the  same  property. 

Nernst,  who  was  the  first  to  suggest,  the  above  explanation  of  the 
origin  of  the  electromotive  force  on  the  basis  of  the  relations  of  osmotic 
pressure,  has  worked  out  a  formula  for  computing  the  potential  differ- 
ence which  exists  at  the  place  of  contact,  of  a  metal  with  ■  solution  m" 
its  ions.  If  e  denotes  this  potential  in  volts,  R  the  gas  constant 
expressed  in  volts  X  coulombs,'  F  the  electrochemical  equivalent  or 
quantity  of  electricity  borne  by  one:  equivalent  weight  in  grams  of  the 
ions  of  any  metal,  n  the  valence  of  the  ions,  P  the  electrolytic  solo 
tion  pressure,  p  the  osmotic  pressure,  and  T  the  absolute  temperature 
of  the  solution,  the  Nernst  formula  reads: 

RT,       P 

Substituting  the  numerical  values  for  R  (8.32)  and  F  (96,500),  dividing 
by  0.434  in  order  to  use  common  logarithms,  and  assuming  the  ordinary 
room  temperature  to  be  18°  C.  (=  291°  absolute),  the  formula  becoi 

0.058 ,     P     .. 

Bir  ■ log  -  volts. 

n  p 

liii-ui'ii-li  as  the  osmotic  pressure,  p.  depend*  solely  upon  tin    coneeii 

tration  of  the  solution  and  the  temperature,  the  electromotive  force 

resulting  by  the  contact  of  a  metal  with  its  ions  is  shown  by  the 

formula  to  increase  as  the  electrolytic  solution  pressure  of  the  m 

increases  and  to  decrease  as  the  concentration  of  the  ions  increases. 

Since  multiplying  a  number  by  10  simply  raises  its  common  logarithm 

*  Erg*  or  watt-aecoiids. 
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one  whole  unit,  the  formula  also  shows  that  increasing  the  concentra- 
tion of  the  solution  tenfold  lowers  the  electromotive  force  in  question 
about  0.06  volt  when  the  ions  are  univalent,  0.03  volt  when  the  ions 
are  bivalent,  and  0.02  volt  when  the  ions  are  trivalent.  Lowering  the 
concentration  until  it  is  one-tenth  of  its  original  value  raises  the  elec- 
tromotive force  nearly  0.06  volt  in  the  case  of  univalent  ions,  0.03 
volt  with  bivalent  ions,  and  0.02  volt  with  trivalent  ions.  The  electro- 
lytic solution  pressure  is  a  measure  of  the  readiness  with  which  a  metal 
can  be  converted  into  its  ions;  or,  since  the  formation  of  the  ions 
involves  an  oxidation,  it  determines  the  readiness  with  which  the  ele- 
ment undergoes  oxidation.  As  already  mentioned,  the  electromotive 
force  Unit  results  can  be  appropriately  called  the  reduction  potential.' 
It  ia  also  a  measure  of  the  force  required  to  deposit  a  metal  from  solu- 
tion by  means  of  the  electric  current. 

It  is  now  easy  to  understand  what  happen!*  when  a  metal  is  placed 
in  a  solution  containing  the  ions  of  some  other  metal.  It  is  a  well- 
known  fact  that  the  immersion  of  a  strip  of  iron  in  a  solution  of  copper 
sulfate  causes  the  deposition  of  metallic  copper,  while  an  equivalent 
quantity  of  iron  dissolves  as  ferrous  sulfate.  The  copper  is  reduced 
t'i  the  metallic  condition  by  mentis  of  metallii  iron  and  the  latter  is 
O&idtaed  by  meanB  of  cupric  ions.  Thia  is  Ijecause  the  electrolytic 
solution  pressure  of  iron  is  so  much  greater  than  that  of  copper  that  a 
condition  of  equilibrium  is  not  reached  until  practically  all  of  the  copper 
has  been  precipitated.  The  reduction  potential  of  metallic  iron  against 
a  molal  solution  of  a  ferrous  salt  is  0.43  volt  and  of  metallic  copper 
against  a  molal  solution  of  cupric  ions  is  about  —  0.31 ;  the  minus  sign 
means  mm  l>  ihat  there  is  more  tendency  for  copper  ions  to  be  de- 
posited than  for  metallic  copper  to  pass  into  solution.  The  greater  the 
positive  value  of  the  reduction  potential,  the  greater  the  electrolytic 
solution  pressure.  As  the  copper  is  deposited  from  the  solution,  it* 
reduction  potential  gradually  becomes  larger,  and  as  the  iron  passes 
into  solution  Itfl  reduction  potential  becomes  smaller  and  smaller.  The 
Nernst  formula  shows  that  the  value  for  metallic  copper  against  ft 
icnth-molal  solution  of  its  ions  will  be  raised  to  —0.31  volt  and 
the  value  for  iron  ftgsiost  B  solution  of  tenth -molal    ferrous  Bait  will 

•  In  some  rwrx.rU  it  i»  more  logical  to  rail  llii*  flu-  nrirtatinn  ixiteiitwl  of  the  metal 
•mi  physicist*,  as  n  nilo,  Assign  negative  valm*  to  the  oxidation  potentials  of  the  so- 
called  positive  dements  which  have  high  solution  pressures. 

The  value  of  r.  in  the  Nernst  formula  represents  the  actual  reduction  pMttlUti,  or 
reducing  power,  of  h  solution  in  contact  with  r  solution  of  its  ion.  The  formula  shows 
how  this  actual  voltage  depends  not  only  upon  the  solution  tendon  of  the  i-Jcmmi, 
but  also  upon  the  temperature,   the  valence  of  the  ions,  and  the  concentration  of 

the  aolunon. 
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be  0.40  volt.  It  is  evident  that  equilibrium  between  the  iron  and  the 
cupric  solution  will  be  reached  only  when  the  reduction  potential  of 
tin-  iron  is  equal  to  tin-  reduction  potential  of  the  copper;  before  this 
happens  either  the  solution  will  become  saturated  with  ferrous  sulfate 
OT  all  but  an  infinitesimal  quantity  of  the  copper  will  bfi  precipitated. 

It  is  possible  to  arrange  all  the  metals  in  a  scries  according  to  their 
electrolytic  solution  pressure*.  Such  a  scries  is  called  the  electro- 
molivc  scries  of  the  metals.  It  enables  one  to  understand  nil  the 
reactions  in  which  a  free  metal  is  involved  either  as  an  initial  or 
a  final  product.  The  entire  chemical  activity  of  the  metals  corre- 
sponds fairly  closely  with  such  an  arrangement.  The  iiiemln'rs  at  the 
top  of  the  series  are  the  most  readily  oxidizable;  those  following  cop- 
per do  not  oxidize  or  rust  when  exposed  to  the  air. 

The  electromotive  series  shows  the  relative  value  of  the  metals  as 
reducing  agents.     The  metals  at  the  top  of  the  series  arc  the  bed  reduc- 
ing agents.     Thus  the  alkalies  are  such  good  reducing  agents  that 
they  will  even  decompose  water  at  ordinary  temperatures,  reducing 
Mtively  charged  hydrogen  to  the  neutral  condition. 

It  is  important  to  remember,  however,  that  it  is  not  alone  the  slsel  n>- 
lytie  solution  tension  which  determines  the  reduction 
potential.  The  concentration  of  the  solution  also 
comes  into  consideration.  If  the  reduction  potentials 
are  all  measured  against  equivalent  concentration-. 
the  order  of  the  metals  arranged  in  the  electro- 
motive series  will  correspond  exactly  to  the  order  Of 
metals  when  arranged  according  to  the  values  of 
their  electrolytic  solution  pressures. 

We  are  now  able  to  understand  why  the  alkali 
metals  decompose  water  to  form  alkali  ions  and  why 
the  quantity  of  zinc  ions  formed  under  similar  condi- 
tions is  V«ry  small.  The  reduction  potential  of  zinc 
against  a  molal  solution  of  zinc  ions  is  about  0.7G  volt. 
Water,  however,  is  ionised  very  slightly;  the  tabfa  on 

page  10  gives  its  ionization  as  2  X  10^  per  cent.     The 

reduction  potential  of  hydrogen  against  such  a  very 

dilute  solution  of  hydrogen  is  not  0.0,  as  iriveo  in  the 

table,  but  it  is  nearer  the  sine  value.     If  the  ionizatiun 

of  water  were  HI  '-'6.  the  value  would  be  approximately 

that  of  sine    According  to  the  reduction  jKitentiate, 

the  should  expeel  zinc  to  decompose  water  with  liberation 

of  gaseous  hydrogen.     As  u  matter  of  fact  zinc  is  oxidized  somewhat 

by  contact  with  water  and  the  oxidizing  agent  is  the  hydrogen  of 
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water;  but  the  reaction  does  not  take  plner  to  :uiy  extent.  The 
primary  products  of  the  reactions  are  zinc  ions  and  free  hydrogen, 
I ii 1 1  the  escape  of  the  hydrogen  leaves  free  hydroxy  1  ions  in  solution 
nn.i  these  arc  iu  equilibrium  with  (lie  sine  ions.  The  table  on  page 
22  gives  the  solubility  product  of  sine  hydroxide  as  1.8  x  10"".  The 
reason  the  /.inc  does  not  decompose  water,  therefore,  is  because  it  U 
protected  by  the  film  of  insoluble  oxide  or  hydroxide  which  quickly 
forms  upon  it.  On  the  other  hand,  when  the  hydrogen  is  present,  in 
(he  form  of  an  ueid.  with  the  anion  of  which  zinc  forms  a  fairly  soluble 
salt,  the  oxidation  nf  the  zinc  ordinarily  continues  at  the  expense  of 
hydrogen  ions  until  all  of  the  zinc  is  dissolved.* 

We  have  gen  I  hat  the  Dnniell  cell  t  is  obtained  hy  taking  advantage 
of  a  difference  in  reduction  potentials,  and  it  was  stated  on  page  29 
that  a  similar  cell  could  be  formed  by  taking  advantage  of  any  reac- 
tion of  oxidation  and  reduction.  All  reactions  of  oxidation  and  reduc- 
tion take  place  tecauae  of  differences  in  reduction  potentials.  Just 
as  the  electromotive  series  of  the  metals  helps  one  to  predict  whether 
a  metal  will  act  ns  u  reducing  agent  or  not,  so  :i  complete  table  of  reduc- 
tion potentials  will  help  one  to  determine  whether  any  given  reaction 
of  oxidation  and  reduction  may  be  expected  to  take  place  in  the  desired 
direction,  Such  a  table  of  reduction  potentials  is  given  on  page  44. 
The  table  -hows  the  values  referred  to  molal  solutions,  the  value  of 


•  There  ik  another  Important  nwm  why  aim-  ilrxw  not  react  with  water.  Hydro- 
gen km  arc  discharged  with  different  drgrcca  of  readiness  hy  electrolysis  when 
cathodes  of  different  meUls  are  used.  It  is  easiest  to  discharge  hydrogen  when  aa 
electrode  nf  unpolished  platinum  is  used  and  more  vol i  quired  with  *inc  ami 

other  ini-taLi.     Thin  so-called  over-voltage  is  large  enough  in  the  cose  of  ainc  to  pendt 

the  . | ii m i it :it i . .-  ilapcitwwi  of  tin-,  natal  i.v  atetadjak  ol  Bhtiotis  continuing 

acetic  acid  and    OB    lectatc.     "l"li  «-•  value*  given  on  page  44  are  baaed  mi  the 

norniiil  iliM-haw  of  hydnigeti  anil  it  the  owr-vultuuc  of  hydrugen  toward  sine  is 
considered,  it  bring})  the  reduction   nflttniial  '>f  hydrogen  higher  in  the  series. 

t  In  the  well-known  Daniell  cell  the  zinc,  wlm  U  i-  in  contact  with  xinc  sulfate 
solution,  i-  tin-  negative  .  !■  .-tr...l.'.  nii'l  the  cupper,  u hieli  ik  in  contact  with  n.|.|>cr 
sulfate  holutiun,  i*  the  po  '■inc  p:tv;i-s  into  solution  .it  one  electrode 

and  copper  is  deposited  at  the  other.  Outside  the  cell,  the  positive-to-neKative 
direction  is  from  copper  to  ainc.  (nit  i 1 1 ~. ■ « 1  •  ■  tin-  cell  il  i>-  from  /.inc  to  copper.  In 
measuring  the  single  electrode-ixiiciitnil:.  of  such  a  cell,  physicists  assign  a  Btcatrvtt 
value  to  the  potential  of  the  element  which  diisiolvm  and  a  positive  Value  to  the 
clement  which  is  deposited.  In  the  Darnell  "11.  however  it  .seems  rulional  to  assign 
a  positive  value  to  the  electromotive  fore  which  meaxiin*)  the  tendency  of  tine  to 
form  sine  ion*,  and  a  negative  value  to  the  t.-inl.-m  y  of  copper  to  form  OOppv  ions. 
In  this  book,  therefore,  the  positive  values  will  be  assigned  to  the  elements  with  high 
Solution  tension,  uric],  to  avoid  OOOhaion,  thl  v»li:ige.  "•ill  i«- called  raliiction  potential!. 
The  oxidation  potentials  will  have  the  same  numerical  value*  but  with  opposite  sign. 
Cf.  A.  A.  Notes,  Qualitative  Chemical  Analytu,  pp.  81  and  181  (1920). 
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normal  hydrogen  ions  in  the  normal  hydrogen  elect  mile  being  taken 
as  0.     The  positive  v:ilnc  of  ili»  electromotive  force  ihawi   tlmt.  the 

oxidation  take-  place  very  rcacUly,  the  unchanged  substance  assuming 
a  negative  charge;  or,  in  other  words,  if  a  cell  is  constructed  with 
the  norma]  hydrogen  electrode,  the  direction  of  the  current  (positive 
to  negative)  in  the  solution  is  toward  the  hydrogen  electrode  when 
the  element  has  a  positive  potential.  The  first  column  in  the  table 
original  state  of  the  element  or  ion,  the  second  column  shows 
the  change  in  charge  that  tliis  element  or  100  undergoes,  the  third 
column  the  oxidized  condition  and  the  fourth  column    the  reduction 


potential. 

The  electromotive  force  of  urn    1  'action  of  oxidation  and  reduction 

I  is  determined  by  the  difference  in  the  reduction  potentials.  Tims  in  the 
Daniell  cell  using  molal  solutions  of  copper  sulfate  and  sine  sulfate,  the 
electromotive  force  of  the  cut  ire  coll  is  t  lie  difference  between  the  rcdue- 


tion  potential*  of  copper  (  -0.34  volt)  and  zinc  C+0.76)  =  1.10  volte. 

The  table  of  reduction  potentials  will  help  to  explain  many  of  the 
reactions  used  in  analytical  chemist  ry.  All  the  metuls  above  hydrogen 
will  replace  the  hydrogen  of  dilute  acids;  those  below  hydrogen  will 
not  do  so  as  a  rule. 

The  oxidation  of  copper  to  cupric  ions  corroponds  tit  a  potential 
of  —0.34  volt  and  this  explains  why  copper  is  not  dissolved  by  hydro- 
chloric acid.  Any  oxidizing  agent  capable  of  oxidizing  copper  from 
the  metallic  ti>  the  ionio  condition  will  at  once  form  ruprir  ions  because 
the  oxidation  of  cuprous  to  cupric  iona  corresponds  to  only  —0.17  volt, 
and  that  of  copper  to  cuprous  ions  is  —0.51  volt.  In  the  presence  of 
some  agent  whose  reduction  potential  is  low  in  the  scries,  copper  will 
dissolve.  Such  an  oxidizing  agent  is  the  ferric  ion,  for  the  labfe  shows 
that    the  oxidation    potential  of  ferrous  ions   to  ferric  ions  is   —0.75 

I  volt;  just  as  cupric  ions  will  oxidize  metallic  iron  to  the  ferrous  condi- 
tion  so   will   ferric   chloride   oxidize    metallic    copper   to   the   cupric 
condition 
2F6+++  +  Cu  —  Q&+  +  2  Fc++. 
The  table  shows  where  interference  is  to  l>e  expected.     Metallic 
aluminium  will  precipitate  iron  from  a  solution  of  a  ferrous  salt.     It 
will  not  precipitate  iron  if  an  acid  is  present  because,  as  the  table  shows, 
nrfll  n.-i  It  lib  rate  hydrogen  gas  from  hydrogen  ions;  on  the  other 
hand,  from  the  oxidation  potential  of  ferrous  to  ferric  ions    it   is  evi- 
»deni  that  metallic  aluminium  will  reduce  a  Ferric  solution  before  net- 
Log  upon  the  hydrogen  ions  of  the  acid.     It  also  shows  that  metallic 
aluminium  will  precipitate  copper  completely  even  in  the  presence 
of  acid. 
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REDUCTION  POTENTIALS  IN  MOLAL  80LUTIONS  • 

Original  StoU. 

Increase  in 
Valenoe. 

Oxidised  Stats. 

E.m.I.  in  volt*. 

Li° 

1 
1 
1 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
3 
2 
1 

10 
1 
2 
6 
3 
3 
2 
1 
3 
4 
3 
5 
1 

10 
3 
2 
6 
I 
1 
2 
2 

Li+ 

+3.03 

K" 

K+ 

+2.83 

Na°. . 

Na+ 

+2.72 

Ba° 

Ba++ 

+2.8 

8r° 

Sr++ 

+2.7 

Ca8 

Ca+  + 

+2.6 

aK::::::::::::::.:::::::: 

Mg+  + 

+1.5 

A1+  ++ 

+13 

Mn' 

Mn+  + 

+1.1 

Zn° 

Zn+  + 

+0.76 

8 — 

8° 

+0.65 

Fe" 

Fe+  + 

+0.43 

Cd° 

Cd+  + 

+0.40 

Pb°+SO« — 

PbS04  solid 

+0.34 

Co".. 

Co++ 

+0.23 

Ni°...                 

Ni++ 

+0  22 

Cu°+20H~ 

Cu(OH)i  solid 

+0.21 

Pb° 

Pb+  + 

+0.12 

Sn° 

8n+  + 

+0.10 

Fe°...                     

Fe+  +  + 

+0.04 

2H+ 

±0.00 

Sb° 

Sb+  +  + 

-o.it 

Sn++ 

Sn+  +  +  + 

-0.14f 

Cu+ 

Cu+  + 

-0.17 

Ii°8oIid+120H- 

2IOi_+6HrO 

-0.21 

Ag°+Cl"~ 

AgCl. 

-0.23 

Hg,Cl,  solid+2Cr 

I_+60H~ 

2HgCli 

-0.24 

IOt_+3HiO 

-0.26 

As" 

As+  +  + 

-0.29 

Bi° 

Bi+  ++ 

-0.30 

Cu° 

Cu++ 

-0.34 

Ag°+2NH, 

Ag(NH,).+ 

-0.38 

Co° 

Co+  +  + 

-0.40 

40H- 

O.  Baa+2H»0 

-0.41 

8b° 

Sb+  +  + 

-0.47 

Br°.  liq.+60H- 

BrO,_+3HtO 

-0.51 

Cu° 

Cu+                         

-0.51 

Bn  liquid+120H_ 

MnOj  solid+40H~ 

2BrOt_+6HrO 

-0.51 

Mn04~+2HjO 

-0.52 

2I_ 

-0  53 

Br~+60H- 

BrO,_+3H/) 

-0.60 

Fe+  + 

Fe+  ++ 

-0.75 

Ag° 

Ag+ 

-0.80 

2Hg° 

Hg,+  + 

O.Kaa+2H+                 

-0.80 

H.O, 

-0.80 

•  Values  obtained  from  Landolt-Borastein  Phyrikalisch-chemische  Tdbellen,  1912, 
and  Noyee,  Qualitative  Chemical  Analysis,  1920. 

t  These  values  denote  the  reduction  potentials  for  the  unknown  concentrations 
of  ions  in  molal  SbCU,  SnCU  and  HtSnCU  solutions  in  the  presence  of  normal  HC1. 
The  reduction  potentials  cannot  be  given  for  molal  concentrations  of  the  ions  Sb+++, 
and  Sn++++  as  the  extent  of  ionization  and  of  complex  formation  in  antimony  and 
tin  chloride  solutions  are  not  known  accurately 
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SEDUCTION  POTENTIALS  IN  MOI-A1.  SOLI  i  IONS.— CW. 


onstMki  »ut«. 


3 
cr+oH- 

LboIW+OOH 
Cr*-+++4HgO 
-  h2H«0 

Pb*  + +2H.O 

Au* 

•  I    HI.-() 

'  4-4HiO 
I  nO,  solid+2H,0 

2H.0 

CI,g«*+2IW) 

Co++. 

CI,gii.-.-r2<.»H 

OiKu+fLO 

H 


ftl.T.'l-       |fl 


2 
2 

-' 
2 
2 
10 
3 
2 
2 
2 
1 
2 
5 
3 
2 
2 
I 
2 
2 
2 


Uiidljod  Slate 


SHOO     ... 
H*+  +     . . 

2HK++ 

Hrt  liquiil 
HCIO. 

.'in        '.IP    

IKXi,     -Til- 
MnO,  Molici  f  411  + 

CI:  R(m 

I'M),  «olicl+2H+. . . . 

Au+ 

HCIO+II' 
MnO,  -+8H-* 
Mnl  '.    i  ill-     .... 
h,o,-t  2ii+  . 

2IICIO    2H 

acao  +-2H+-  . 

Oi  ga»+2H+ 

Fi  gas 


B.n  t,  m  yoIu. 


-0.85 
-O.Sfl 

-o  ga 

-I  OS 
-I   10 
-I   IS 
-I  3 
-1  35 
-1.35 
-1.44 
-1.6 
-1  61 
-1  .'.2 
-I  63 
-I  in, 
-1  67 
-1.8 
-1.8 
-1.9 
-l.M 


Lead  and  tin  occupy  neighboring  positions  in  the  series.  In  a 
neutral  solution,  therefore,  lead  will  precipitate  tin  from  a  solution 
containing  stannous  ions.  As  the  concent  rat  ion  of  the  lend  ions  in- 
creases and  the  concentration  of  the  stannous  ions  decreases,  the  reduc- 
tion potentials  approach  one  another  so  that  equilibrium  Li  soon 
reached.  Conversely,  when  DO  stannous  ions  are  present,  metallic  tin 
will  precipitate  a  little  lead  from  a  solution  containing  lead  ions,  but  the 
equilibrium  will  soon  be  reached.  The  presence  of  acid,  however,  will 
both  of  then  reactions.  On  the  other  hand,  the  reduction  po- 
tential of  stannous  to  stannic  tin,  although  not  given  in  the  table,  has 
•  negative  value,  and  the  lead  will  reduce  stannic  ions  even  in  the 
presence  of  add. 

All  reactions  of  oxidation  and  reduction  represent  reversible  reac- 
tions. The  strong  reducing  agents  on  being  oxidised  become  weak 
>\ilizing  agents,  and  conversely  the  strong  oxidising  agents  on  being 
reduced  become  weak  reducing  agents.  Ordinarily  hydrogen  is  con- 
ed a  reducing  agent,  but  when  a  metal  reploces  the  hydrogen 
of  an  acid,  hydrogen  ions  act  as  the  oxidizing  agent. 

The  mass-action  law  holds  for  oxidation  and  reductions  as  for  all 
other  chemical  reactions  that  take  place  in  solution;  when  the  reduc- 
tion voltages  are  far  apart,  however,  the  reaction  of  oxidation  and 
reduction  will  apparently  go  to  completion. 
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We  shall  now  turn  aside  from  reactions  of  oxidation  and  reduction 
and  consider  some  further  applications  of  the  mass-action  law  as  applied 
to  reactions  that  are  of  importance  in  analytical  chemistry. 

The  Effect  of  a  Common  Ion 

The  exact  extent  to  which  the  ionization  of  concentrated  solutions 
of  highly  ionizable  salts  takes  place,  is  not  yet  positively  known.  Many 
facts  indicate  that  neutral  salts  and  largely  ionized  acids  and  bases  of 
the  univalent  type  are  completely  ionized  even  in  quite  concentrated 
aqueous  solutions.  Often  ionization  values  are  calculated  from  electrical 
conductance  ratios,  as  in  the  table  on  page  10,  but  it  has  been  found 
that  such  values  do  not  change  with  dilution  in  accordance  with  the 
mass  action  law.  In  concentrated  solutions,  the  mobility  of  the  ions 
is  undoubtedly  less  than  in  dilute  solutions  and  a  certain  resistance  to 
the  passage  of  the  ions  through  a  solution  under  the  influence  of  an 
electric  current  is  caused  by  the  tendency  of  positive  electrified  particles 
to  attract  negatively  charged  particles  and  vice  versa.  Such  factors 
are  disregarded,  as  a  rule,  in  determining  ionization  by  the  conductivity 
method.  In  all  applications  of  the  mass  action  law  to  the  different 
types  of  equilibrium  between  dissolved  substances  it  is  best  to  assume, 
therefore,  that  highly  ionized  substances  are  completely  ionized  even  in 
concentrated  solutions.  When  a  solution  of  a  salt  such  as  sodium  chloride 
is  treated  with  the  solution  of  a  salt  with  a  common  ion,  such  as  sodium 
nitrate  or  potassium  chloride,  the  resulting  effect  upon  the  chemical 
nature  of  the  dissolved  sodium  chloride  is  scarcely  noticeable. 

The  relations  are  quite  different  when  one  of  the  original  substances 
is  difficultly  soluble  or  only  slightly  ionized.  Thus  when  a  precipitate 
of  silver  chloride  is  formed,  the  solution  is  saturated  with  the  salt  and 
the  solubility  product  of  the  ions  has  been  reached.  If  now  a  small 
amount  of  either  chloride  or  silver  ions  is  added  to  the  saturated  solu- 
tion of  silver  chloride,  further  precipitation  of  silver  chloride  should 
take  place.  In  general,  therefore,  a  slight  excess  of  precipitant  will 
make  a  precipitate  less  soluble.  There  are  exceptions  to  this  rule, 
however.  The  rule  does  not  hold  if  one  of  the  ions  from  the  pre- 
cipitate shows  a  tendency  to  form  a  soluble  complex  ion  with  the 
excess  of  precipitant.  Thus  silver  chloride  is,  in  fact,  less  soluble  in 
very  dilute  sodium  chloride  solution  than  it  is  in  water,  but  it  dissolves 
in  a  saturated  brine  solution  more  than  in  pure  water,  probably  owing 
to  the  formation  of  a  complex  ion.  Barium  sulfate  is  less  soluble  in 
dilute  sulfuric  acid  than  it  is  in  water,  but  concentrated  sulfuric  acid 
dissolves  it  quite  readily.     Aluminium  hydroxide  is  precipitated  by- 
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i  very  careful  neutralization  of  an  aluminium  salt,  but  the  hydroxide 
dissolves  in  .sodium  hydroxide  solution,  forming  sodium  aluminate. 
None  of  these  examples  is  contrary  to  the  IT1MB liOtfoil  law,  but  tlu-y 
show  the  need  of  considering  all  the  possible  reactions. 

When  a  weak  electrolyte  is  present  in  solution,  the  effect  of  the 
common  ion  is  often  quite  remarkable.  To  illustrate  this  effect  let 
us  consider  the  weak  electrolytes  acetic  acid,  hydrogen  sulphide  and 
ammonium  hydroxide.  The  table  on  page  10  shows  that  a  0.1  N 
solution  of  acetic  acid  is  dissociated  to  between  1  and  2  per  cent.  The 
value  of  the  ionization  constant  at  18°  is  about  0.000018.  From  this 
value.  Uu  ianbatkm  (j)  inO.l  N  solution  ettB  be  computed  as  follows: 

=  0.000018;    x  =  0.00134  =  1.34  per  ceni 


0.1  -x 


The  table  on  page  10  shows  that  the  salts  of  the  type  represented  by 
sodium  acetate  are  dissociated  to  about  84  per  cent.  A  liter  of  0.1  N 
sodium  acetate  solution  contain--,  therefore,  0.084  mole  of  acetate  ions, 
whereas  one  of  0.1  N  acetic  acid  contains  only  0.0013  mole  of  acetate 
ions.  When  enough  solid  sodium  acetate  is  added  to  0.1  N  acetic 
acid  to  make  the  solution  0.1  N  with  respect  to  both  the  acid  and 
tin-  sail,  the  common  acetate  ion  tends  to  repress  the  ionization  of 
botb  the  original  molecules;  the  total  concent  rat  ion  of  acetate  inn 
is  increased  only  very  slightly  and  we  are  justified  in  assuming  that 
0.084  represents  with  sufficient  accuracy  the  concent mtion  of  the 
■aetata  ion.  The  concentration  of  the  hydrogen  ions  may  be  desig- 
nated again  as  z  and  that  of  the  non-ionized  acetic  acid  as  0.1  —  z. 
The  ionization  constant  of  acetic  acid  remains  the  same  and  the 
mass-action  expression  becomes 

0.084  x 


0.1  -  J 


0.000018;    x  =  0.000021  =  0.02  per  cent. 


Byadding  an  equivalent  weight  of  sodium  acetate,  therefore,  the  ioniza- 
tion of  0.1  N  acetic  acid  is  changed  from  1.3  per  cent  to  0.02  per  emi 
The  effect  of  ammonium  salt  upon  the  ionization  of  ammonium 
hydroxide  is  similar.  The  table  on  page  22  gives  the  solubility 
product  of  ferric  hydroxide  as  1.1  x  10~*  and  that  of  magnesium 
lc  as  3,t  x  10-11.  As  the  cube  of  the  OH  concentration  is 
taken  in  computing  the  solubility  product  of  ferric  hydroxide  ami 
only  the  square  of  this  concentration  in  the  case  of  magnesium 
hydroxide,  the  difference  in  solubilities  is  not  as  great  as  these 
solubility  products  would  indicate,  but  the  values  show  that  it  takes 
Daly  an  extremely  low  concentration  of  hydroxy!  ions  to  satisfy  the 
solubility  product  of  ferric  hydroxide  and  many  times  aa  much  tr 
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satisfy  thai  of  magnesium  hydroxide.  Ammonium  hydroxide  added 
to  a  siiluliim  containing  ferric  and  caagneriuiD  ions  will  CMM  the  pre- 
i-ipii  iIkiii  nf  txiili  inm  and  magnesium  as  hydroxide,  hut  hy  adding 
sufficient  ammonium  chloride  to  the  solution,  the  ionization  of  the 
base  is  repressed,  exactly  in  the  same  way  that,  sodium  acetate  acted 
upon  acetic  Mid,  to  such  an  cxt<-m  thai  none  of  the  magnesium  is 
precipitated  although  tho  precipitation  of  the  iron  remains  practically 
complete. 

The  effect  of  hydrogen  ions  upon  the  ionization  of  hydrogen  sulfide 
is  similar.  The  solubility  product  of  copper  sulfide  is  8.5  X  l(T° 
and  that  of  zinc  sulfide  is  1.2  X  10_s*.  The  precipitation  of  botb  cop- 
per and  zinc  by  hydrogen  sulfide  is  practically  complete  in  a  solution 
containing  no  excess  hydrogen  ions.  Aa  the  metal  precipitates,  how- 
ever, hydrogen  ions  are  formed : 

ZQ++  +  H,S  -*■  ZaS  +  2  H+i 

The  accumulation  of  these  hydrogen  ions  serves  to  repress  the  ioniza- 
1  ion  nf  hydrogen  sulfide  and  tends  to  stop  the  precipitation  of  the  zinc. 
If,  therefore,  we  wish  to  precipitate  copper  and  leave  zinc  in  solution, 
all  thai  is  aooeeaary  is  to  add  I  little  acid  at  the  start;  in  0.3  N 
acid  solution  the  precipitation  of  the  copper  as  sulfide  is  practically 
complete,  while  little  if  any  zinc  sulfide  is  precipitated.  On  the  other 
hand,  if  some  sodium  acetate  LI  added  to  (lie  solution,  non-ionized 
ai'ctic  acid  is  formed  and  the  accumulation  of  the  hydrogen  ions  is 
prevented.  This  effect  is  so  remarkable  that  it  is  easier  to  precipi- 
tate zinc  sulfide  from  a  solution  containing  acetic  acid  and  sodium 
acetate  than  from  a  solution  of  zinc  chloride  in  water.  Tho  concen- 
tration of  hydrogen  ions  is  kept  very'  low,  even  although  the  solution 
may  smell  strongly  of  nun-ionized  acetic  acid, 

The  common  ion  effect  is  also  involved  in  the  dissolving  of  precipi- 
tates. The  effect  is  shown,  for  example,  when  calcium  phosphate  is 
dissolved  l.y  acid.  The  tabic  on  page  10  shows  that  the  tertiary 
ionization  of  phosphoric  acid  is  about  the  same  as  the  secondary  ioniza- 
tion of  hydrogen  sulfide  and  the  secondary  ionization  is  comparable 
to  the  primary  ionization  of  hydrogen  sulfide.  If  many  hydrogen  ions 
are  added  in  the  form  of  a  mineral  acid,  the  ionization  of  HPO|~" 
and  of  HtPOi     Ijecomes  extremely  small.     The  saturated  solution  of 

ih  mm  phosphate  contains  Cif+  and  POY~ '  "ions.     These  P04 
ions  must   be  in  equilibrium  with  added   hydrogen   ions.     When   the 
POj      ■  from  BPQi~"  is  kept  less  than  thePCV    "  concentration  cor- 
responding to  the  value  of  a  saturated  solution  of  CalofoiD  phosphate, 
the  euleium  phosphate  must  tend  to  dissolve.     As  CafHjPO^j  is  muofa 
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more  soluble  than   CaHPlh,   which   in   turn   is  more  soluble  than 
i'0«)t,  it  is  desirable  to  add  enough  acid  to  make  the  H»POr 
practically  non-ionized. 

The  common  ion  effect  which  is  involved  in  nearly  every  reaction 
uf  pndpiUttioo  and  of  dissolution  represents  an  application  of  the 
mass-action  principle. 

Hydrolynin 

Hydrolysis  is  I  he  name  given  to  the  decomposing  action  of  water 
upon  salts.*  Corresponding  to  the  fact  that  water  is  a  poor  conductor 
i if  electricity,  it  follows  that  water  is  ionized  only  to  a  slight  extent. 

H,0  s=f  H+  -h  OH  . 

According  to  Kohlrauseh  and  Hcidwciler.t  the  degree  of  ionization 
at  25°  C.  is  1.05  X  lO-7;  in  other  words,  about  10,000,000  liters 
of  water  would  furnish  1  mole  of  ionised  water  or  1  mole  of  hydrogen 
ions.*.     Small  as  this  is,  it  suffices  to  explain  the  hydrolysis  of: 

I.    The  salts  of  weak  aei<ls  with  strong  bases. 
II.  The  salts  of  strong  acids  with  weak  bases. 

III.  The  salts  of  weak  acids  with  weak  bases. 

IV.  The  salts  of  strong  acida  with  stroug  bases  are  not  hydrolyzed 
appreciably. 

Hydrolysis  is  shown  to  take  place  by  the  fact  that  solutions  of 
MUtral  suits  corresponding  to  I  react  alkaline,  (hose  of  II  read  acid, 
while  those  of  III  are  sometimes  acid  and  sometimes  alkaline. 

The  cause  of  hydrolysis  is  the  action  of  the  ions  of  water  upon  the 
of  tin-  dissolved  salt. 

All  monobasic  salts  in  aqueous  solution  are  largely  ionized  (cf  p.  10): 

RA  -^  R+  +  A", 

and  the  phenomenon  of  hydrolysis  may  lie  represented  by  the  general 
equation 

R+  +  A"  +  H,0  j=t  ROH  +  HA. 


Ml 


Acid 


In  formulating  mass-action  expressions   involving   highly  ionized 
and  slightly  ionized  substance*  it  has  been  found  bc*t  to  employ  the 


*  Certain  organic  substance*  which  are  not  salts  are  also  subject  to  hydrolysis. 

t  Z.  pfc(W-  ckem.,  14,  317 

;  Sue  I  mole  of  wntcr  when  ionized  furnwhe*  1  mole  of  H+  and  one  mole  of 
Oil  ,  H  iiiUowa  that  the  ionizuti.ni  of  1.05  X  10  '  moles  of  water  furnish  1.06  X  lO-1 
m.  !<h  of  H+-  and  an  equal  quantity  of  OH~  ion*.  Montivor,  in  any  aqueous  solu- 
tion, [H-i  X  |OII|  vriD  tqual  1.06  X  10  •'. 


concentration  of  the  tons  of  highly  ionized  substances,  and  the  con- 
i -riii  rations  of  the  non-ionized  portions  «>f  slightly  ionized  substances. 
Since  in  dilute  solutions  thn  mass  of  the  water  changes  inappreciably 
v. rfaen  the  reaction  takes  place,  we  may  neglect  it  in  the  formulation. 

Then-  are  now  three  typieul  i-<jiuit  ions  wliicli  represent  the  iippli- 
cation  of  the  mass-action  principle  to  the  hydrolysis  of  the  above 
three  classes  of  salts. 

/.     Hydrolysis  of  Soils  of  Weak  Aculs  and  Strong  Bases 

The  biLse  formed  by  thfl  hydrolysis  is  largely  ionized,  while  the 
acid  is  only  slightly  so.  The  mass-action  equation  now  takes  the 
form 

[R+][OH-l[HA|        [OH-][HA]       K.  • 


(1)     K»  = 


[R+HA-]  [A"]  K 


HA 


Owing  to  the  presence  of  the  OH-  ions  in  appreciable  amount, 
all  salts  of  this  category  react  alkaline.  The  alkali  salts  of  hydro- 
cyanic acid,  hypochlorous  acid,  carbonic  acid,  boric  acid,  and  hydro- 
Ken  sulfide  are  of  this  type. 

//.    Hydrolysis  of  Salts  of  Strong  Acids  and  Weak  Bases 

Here  the  conditions  are  reversed,  and  it  is  the  acid  which  is  almost 
completely  dissociated  and  the  base  but  slightly.  In  this  case  the  for- 
mula becomes 

m     K-        [ROHHH+HA-l  _  [ROH][H>]  _    K. 
W     iw  -         [R+][A-1  IR+)         "  Kroh  ' 

Salts  of  this  class,  such  as  those  of  chromium,  aluminium,  iron,  etc., 
react  acid  when  in  aqueous  solution. 
In  the  case  of  polyvalent  bases  hydrolysis  takes  place  in  stages: 


RC1.+  +  H,0  54  RCUOH  4-  H ' 
RC1++  +  2  H,()  *=*  RCl(OH)a  +  2  H+ 
R+++  +  3  H,0  ^2  R(OH),  +  3  H> 


Ferric,  aluminium  and  chromic  chlorides,  for  example,  react  acid 
in  aqueous  solution.  If  Buch  solutions  be  evaporated  to  dryness, 
considerable  hydrochloric  mid  is  volatilized,  and  the  residue  obtained 
is  an  insoluble  basic  salt  which  can  only  be  dissolved  by  means  of 
acid. 


•  In  these  expressions  K*.  Kha.  u»d  Kroh  denote  the  ionitation  constants  of 
water,  the  weak  acid  and  the  weak  base. 


I 
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III .     Hydrolysis  of  Salt*  of  Weak  Acids  and  Weak  Rases 

The  acids  and  bases  formed  by  hydrolysis  are  only  slightly  dis- 
iated,  but  to  different  extents.     Our  formula  becomes 


(3)    K... 


[ROH11HA] 

IR+](A-| 


K. 


Kha  •  K 


BOB 


I 


Salts  of  this  type  are  especially  subject  to  hydrolysis  and,  as  both 
the  acid  and  base  are  slightly  ionized,  the  hydrolysis  may  take  place 
to  a  considerable  extent  without  the  solution  manifesting  either  acid 
or  basic  pro|x-rties. 

If  the  electrolytic  dissociation  of  the  acid  is  greater  than  that 
of  the  base,  the  solution  reacts  acid;  and  conversely,  when  the  base 
is  stronger  than  the  acid  the  solution  of  the  salt  shows  an  alkaline 
reaction. 

Neutral  ferric  acetate  in  a  boiling,  aqueous  solution  is  hydrolyzed: 


Fe(CiHA)i  +  2  H,0  <*  Fe(OH),CIH,0!  +  2  HC.H.O,. 


Basic  ferric  acetate  is  precipitated  and  can  be  removed  by  filtering 
the  hot  solution.  If  the  solution  is  allowed  to  cool,  the  reaction  tends 
to  take  place  in  the  reverse  direction  and  some  of  the  basic  salt  goes 
into  solution.     Heal  and  dilution  always  favor  hydrolysis.* 

IV.     Hydrolysis  of  Salts  of  Strong  Acids  with  Strong  Bases 

Salts  of  thig  type  yield,  by  hydrolysis,  acids  and  bases  which  are 
almost  entirely  dissociated  in  dilute  aqueous  solution,  and  the  general 
equation  becomes: 

-      m  [R+][OH-HH+][A+i 


[R+J[A- 


[H+JfOH-1. 


The  IT*  and  OH~  ions,  however,  are  in  equilibrium  with  undisso- 
etatcd  water;  the  solution  reacts  neutral  and  contains  only  as  many 
H+  and  OH"  ions  as  correspond  to  the  ionization  of  water,  which  is  so 
small  that  there  remains  only  the  electrolytic  dissociation  of  the  salt 
to  be  considered.  Salts  of  this  type  are  not  subject  to  appreciable 
hydrolysis. 

The  hydrolytic  action  of  water,  as  well  as  the  mass-action  law, 
may  be  illustrated  by  the  following  experiment:  A  little  water, added 


•  The  ionization  constant  for  water  in  0.0||12  nt  25"  but  tukb  to  0.0„">  at  100*. 
The  water  it,  therefore,  much  mora  dissociated  lit  the  higher  taniieratiire  and  at 
»  mult  the  hydrolyum  im  favored. 


■ 
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to  a  solution  of  antimony  chloride  in  concentrated  hydrochloric  acid 
causes  preripitation  of  antimony  oxy-chloride: 
CI 


Bb-  C14-Hn0: 

^ci    H/ 


Sb^      +  2HC1. 


dissolves  on  adding  a  little  concentrated  hydrochloric  acid. 
Further  addition  of  water  again  precipitates  the  basic  sail,  which  will 
dissolve  in  more  of  the  concentrated  acid,  etc.  It  is  obvious  that  by 
IBCnuing  tha  mass  action  of  the  water  the  reaction  goes  from  I » ■  f l  to 
right,  while  by  increasing  the  concent ration  of  the  hydrochloric  acid 
it  goes  from  right  to  left. 

Tin-  analytical  chemist  frequently  desires  to  assist  or  to  prevent 
hydrolysis.  The  mass-action  principle  shows  how  this  can  he  done. 
To  assist  .1  chemical  reaction  it  is  necessary  to  increase  the  coneen- 
t ration  of  one  of  the  original  reacting  sulislanc.-.  Ot  to  leeWM  the  con- 
centration of  one  of  the  substances  formed.  Aside  from  the  reac- 
tions of  oxidation  and  reduction,  all  the  reactions  that  take  place 
Completely  iu  aqueous  solution  are  tho.se  in  which  the  concent  ration  of 
one  of  the  substances  formed  is  practically  negligible.  This  is  due  to 
the  formation  of  (1)  a  precipitate,  (2)  agas,  or  (3)  an  umlissociated  sub- 
stance (cf.  p.  26).  Neutralization  takes  place  between  an  acid  and  a 
base  because  of  the  tendency  to  form  umlissociated  water.  Hydrolysis 
is  the  reverse  of  neutralization  ami  is  due  to  the  fact  that  water  is 
BlighUy  dissociated.  Hydrolysis  takes  place  when  one  of  the  products 
is  :i  gas.  a  precipitate,  or  an  urulissocinled  substance.  Thus  the  hy- 
drolysis of  a  salt  of  a  weak  acid  and  a  strong  base  is  due  to  the  fact  th.it 
the  dissociation  of  the  weak  acid  is  -light.  The  hydrolysis  of  a  .salt  of 
I  strong  acid  and  a  weak  base  is  due  to  the  formation  of  the  umlisso- 
i  inted  base.  Hydrolysis  takes  place  most  readily  when  both  the  acid 
and  the  base  are  weak,  because  then  With  the  H+  ions  and  the  OH  ions 
are  removed  from  the  solution  to  form  umlissociated  ;>  id  ami  undissu- 
ciated  base.  Hydrolysis  of  a  salt  of  a  strong  arid  and  a  strong  Wise 
cannot  take  place  because  there  is  then  no  tendency  for  the  H'  and 
OH-  ions  of  water  to  be  removed.  To  aerie!  hydrolysis,  boiling  is 
advisable,  because,  the  water  is  so  much  more  dissociated  at  this  tem- 
perature than  when  cold  The  reaction  that  takes  place  on  boiling 
proceedfl  in  the  other  direction  on  cooling,  simply  on  account  of 
the  change  in  the  ionization  of  the  water  itself.  Dilution  favors 
hydrolysis  because  it  diminishes  the  nunc  titration  of  the  substances 
formed;  the  concentration  of  the  ions  from  water  is  not  changed,  but 
the  relative  proportions  of  these  ions  to  other  ions  present  is  increased. 
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ydrolysis  is  also  favored  when  one  of  I  lit-  products  is  gaseous  or  in- 
soluble; tfanu  ammonium  carlxuiate  is  very  easily  hydrolyzed,  because 
both  ammonia  and  carbon  dioxide  are  volatile,  and  ferric  acetate  is 
hydrolyzed  not  only  because  tin-  acid  and  hose  are  lw>th  weak,  but  the 
bade  ferric  acetate  is  also  very  insoluble.  Finally,  to  stop  hydrolysis 
ii  i-  .inly  necessary  to  udd  a  little  free  ftcid  01  Em<  base  at  the  start,  and 
e  efficiency  of  the  aeid  or  base  is  proportional  to  the  extent  to  which 
is  itself  ionized.  If  the  solution  becomes  alkaline  as  a  result  of 
lyrfSj  then  a  little  alkali  will  best  stop  hydrolysis,  but  if  the 
solution  becomes  acid,  B  little  aeid  should  be-  added.  Moreover,  it  is 
advisable  to  work  in  cold  and  concentrated  solutions.  A  dilute 
aqueous  solution  of  potassium  cyanide  has  flu-  odor  of  free  hydro- 
i  acid  and  reacts  alkaline  to  litmus,  but  if  a  little  caustic  potash 
added,  the  hydrolysis  of  the  salt  is  prevented  and  the  odor  of  hydro- 
cyanic acid  can  he  detected  nn  longer.  Similarly,  boiling  a  solution 
(if  neutral  ferric  sulfate  results  in  the  precipitation  of  a  basic  salt,  hut 
the  precipitation  does  not  take  place  if  a  little  sulfuric  acid  is  added 
the  start. 


Amphoteric-  Elirtrolyt*s 


regarded  as  composed  of  a  tuyatin  I'hunul  and  hydroxyl;  a  haw  was 
regarded  as  composed  of  a  positive  ■!■  ><u  nl  :wid  hydroxyl.  According 
tn  the  modern  conception,  an  acid  is  a  substance  capable  of  yielding 

hydrogen  ions  *nd  a  base  is  a  substance  oapable  of  yielding  hydroxy] 
The  so-called  negative  elements  are  sometimes  simple  negatively- 
charged  ions,  as  the  CI"  of  hydrochloric  acid,  and  sometimes  complex 
anions,  such  as  the  S04~"  of  sulfuric  acid,  containing  a  positively 
charged  clement  and  negatively  chargod  oxygen. 

The  extent  to  which  the  ionization  takes  place  in  the  solution 
of  on  acid  or  a  base  varies  greatly.  In  0.1N  solution,  the  table 
on  page  10  shows  that  some  acidi  and  some  bases  are  dissociated  to 
about  90  per  cent,  while  oilier  acids  and  other  bases  are  dissociated 
to  1  per  cent  or  less.  We  are  accustomed  to  regard  the  strength  "f 
an  acid  or  of  a  base  as  shown  by  the  extent  to  which  ionization  takes 

t place  in  aqueous  solution. 
As  a  general  rule,  when  the  positive  charge  on  an  element  is  in- 
creased, the  more  difficult  it  beenim*  for  the  corresponding  hydroxide 
to  ionize  as  a  base  and  the  greater  the  tendency  for  the  hydroxide 
to  ionize  as  an  acid.  Thus  the  higher  the  positive  charge  on  the 
atom,  the  more  negative  it  becomes  uccordiug  to  the  old-fashioned 
ion.     This  apparent  contradiction  is  not  quite  as  inconsistent 
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as  it  seems ;  it  arises  from  a  confusion  of  the  intensity  factor  of  electric 
energy  with  tin-  quantity  factor.  All  forms  of  runny  arc  composed  of 
these  two  factors  and  surh  confusion  of  the  factors  is  quite  common. 

The  quantity  of  electricity  corresponding  to  a  unit  electric  charge 
on  a  gram  atom  of  any  element  is  96,500  coulombs.  All  univalent 
elements  bear  this  charge  and  all  bivalent  elements  twice  as  much. 
On  the  other  hand,  the  tendency  of  the  atoms  to  accept  or  give  up 
etectrom  varies  greatly,  as  the  table  of  reduction  potentials  shows 
(p.  44).  It  is  customary  to  speak  of  the.  elements  which  show  the 
greater  tendency  to  give  up  one  or  more  electrons  of  negative  electricity 
as  more  positive  than  those  which  show  less  tendency  to  lose  electrons. 
In  other  words,  the  elements  nearer  the  top  of  the  electromotive  series 
are  regarded  as  more  positive  than  those  which  are  below  tlicm  in  tin 
series.  Thus  the  older  conception  of  positive  and  negative  nature 
was  largely  one  of  electromotive  force,  or  voltage,  rather  than  rmr  of 
electric  nature  or  quantity  of  electricity.  It  corresponds  to  the 
behavior  of  the  element  in  an  electric  couple  such  hh  that  of  the  Daniell 
cell;  the  zinc  becomes  the  anode  in  such  a  cell  and  the  copper  the 
cathode ;  the  current  flows  through  the  Cell  from  the  zinc  to  the  cop- 
per and  it  is  customary  to  say  that  the  zinc  is  positive  to  the  copper 
HI  Ihr  mhition.  The  student  should  be  careful  to  distinguish  in  his 
own  mind  the  difference  between  the  meaning  of  the  word  positive 
when  used  in  this  sense  of  voltage  and  when  used  to  represent  the 
ebftracter  of  an  electric  charge. 

Water  is  a  substance  which  ionizes  to  a  slight  extent  and  the  initial 
products  of  the  ionization  are  H+  and  OH-.  Water,  therefore,  may 
he  considered  as  being  lx>th  an  acid  and  a  base.  There  are  other 
substances  which  act  as  acids  without  forming  at  one  time  any  more 
hydrogen  ions  than  doM  water  and  other  basic  substances  which  do 
not  form  num.'  hydroxyl  ions.  Water  is  characterized  by  the  fact 
that  it  forms  an  equal  amount  of  both  hydrogen  and  hydroxyl  ions 
by  its  primary  ionization.  Other  hydroxides  are  known  which  have 
both  acid  and  basic  properties,  but  this  is  due  to  two  distinct  kinds  of 
ionization.  At  one  time  they  dissociate  as  an  arid  and  at  another 
time  as  |  liasc.     Sucli  -iiiliM.inrrs  jii-c  said  to  lje  amphoteric.  eUctrnli/li.-. 

Aluminium  hydroxide  is  an  amphoteric  electrolyte.  This  sub- 
stance has  a.  very  small  solubility  product  and  the  quantity  of  ions 
present  in  the  saturated  solution  is  extremely  small.  The  chemical 
behavior  of  aluminium  hydroxide  shows,  however,  that  it  is  capable 
of  dissociating  in  two  ways: 

All  OH),  -•  Al(OH)s+  +  OH-  (ionization  as  a  base); 

All  OH),  —  H*  +  AlUiHr  —  H+  +  AIOT  +  HjO  (ionization  as  an  acid). 


DETECTION  OF  ACIDS  AND  BASKS 


The  mass-action  principle  enables  one  to  predict  which  of  these 
ionization  reactions  will  take  place.  In  the  presence  of  a  strong  acid, 
such  as  hydrochloric  acid,  tho  common  ion  effect  of  the  hydrogen 
ions  will  prevent  the  ionization  of  the  aluminium  hydroxide  as  an 
acid;  the  effect  is  much  more  marked  than  that  of  sodium  acetate 
upon  acetic  Mid,  for  in  this  case  the  difference  in  the  percentage 
ionization  of  hydrochloric  arid  and  aluminic  acid  is  much  greater. 
On  the  other  hand,  the  presence  of  the  hydrogen  ions  favors  the  ion- 
ization of  the  aluminium  hydroxide  as  a  base.  To  establish  the  proper 
equilibrium  between  H  ♦,  OH"  ami  II  <  i.  nearly  all  the  OH"  ions  from 
the  aluminium  hydroxide  react  with  the  H*  of  the  hydrochloric  acid. 
Ob»ci«hihi  of  this  removal  of  the  OB  .  kjw  ionisstioo  of  Um  A1(OH)i 
progresses,  the  Al(OH)j+  ionizes  into  AlfOH)**  and  OH"  and  finally 
-I..  ..  OH)  \O0izm  into  A1+++  and  Off*.  In  this  way  Al(OH), 
dissolves  to  form  AK'lj. 

Similarly,  in  the  presence  of  sodium  hydroxide,  the  common  ion 
effect  of  the  OH-  prevents  the  Hluminium  hydroxide  from  Ionising 
as  a  l>ase  and  the  H*-  ions  formed  by  its  dissociation  as  an  acid  react 
with  the  OH"  ions  from  the  sodium  hydroxide,  and  the  final  result  is 
that  the  aluminium  all  dissolves  as  sodium  aluminate,  NaAIOj. 

Whenever  an  oxide  or  hydroxide  dissolves  by  chemical  reaction 
with  an  acid,  and  also  by  chemical  reaction  with  a  base,  the  suhsi  |Qi  > 
is  obviously  an  amphoteric  electrolyte. 


Dntectton  of  AcUU  ami  ttaxr*.      Theory  of  Indicator** 

To  detect  the  presence  of  free  hydrogen  cations  or  of  hydroxy! 
anions,  certain  colored,  organic  substance*  ;ire  used,  called  indicators. 
TbtM  in<licators  are  very  weak  acids,  very  weak  bases  or  amphoteric 
electrolytes  and  the  free  acid,  or  base,  is  an  unstable  substance 
which  tends  to  undergo  a  slight  rearrangement  of  the  atoms  in  order 
to  assume  a  condition  of  greater  stjdaliiy.  The  color  of  any  organic 
compound  is  due  to  a  certain  special  arrangement  of  certain  atoms, 
the  chromopkor:  when  thifl  arrangement  is  changed,  the  color  is  also 
changed  or  lost. 

Methyl  orange  is  an  amphoter  and  is  capable  of  forming  salts 
with  both  acids  and  bases,  but  its  indicator  characteristics  arc  due 
to  its  very  weak  basic  properties.  The  neutral  solution  of  its  sodium 
salt  is  used  as  an  indicator.     In  this  sensitive  neutral  solut  ion  we  have 


•  Of.  J.  Brtmaun,  J.  Am.  Cfurn,  Soc.,  U,  III";    39;  V-hek.  •  '»'./.  37,  M,  42; 

McCot.  timi.  81,  508;  Salm.  Z.  phy».  Chtm..  57,  471;  and  A.  A.  Novra,  J.  Am. 

,  Soc  82, 815. 


■ 


56  UKNEltAL  PRINCIPLES 

■  condition  of  equilibrium  Iwtwocii  the  two  isomeric  fOEDU  of  iik-HivI 
orange  as  expressed  by  the  equation 

ILSO,  •  c,n4N  :  N  •  CeH«N(CB&**8QAHiNH  .  n  :  0,11, :  N<OH,)s. 

The  compound  on  the  left  is  yellow  in  color  and  its  color  is  due  to 
the  azo  group  N  :  N;  the  other  compound  is  red,  bwing  for  its  elimmo- 
phor  the  quinoid  group  :  C«H«  :  . 

The  sodium  salt  of  methyl  orange  is  yellow  anil  has  the  formula 

NaSO,  •  CAN  :  N  •  06H,N(<  H,),, 
and  when  decomposed  by  acids  the  free  sulphonatc 

SO,  •  CH4NH  •  N  :  C.H,  :  N(CH,), 
I I 

is  formed,  which  is  red. 

The  rid  quiuoid  form  is  ionized  as  a  weak  base  und  forms  red  salts 
with  ii'-ids.  It  does  not  form  salts  readily  with  weak  acids,  such  as 
carbonic  or  acetic  acid,  because,  as  we  have  seen,  salts  of  weak  bases 
and  weak  acids  are  liydrnlv/.cil.  This  is  why  methyl  orange  is  not  a 
sensitive  indicator  for  weak  acids.  As  a  very  weak  base  it  will  he  dri  vi-n 
!y  nut  of  its  red  sails  by  other  bases,  even  weak  ones;  and  the  free 
base  will  revert  iiuain  to  its  yellow  form,  lln-  result  being  that  methyl 
orange  is  an  excellent  indicator  for  weak  bases. 

Phenolphthalein,  another  valuable  indicator,  is  a  very  weak  acid. 
Tlu'  free  acid,  however,  is  unstable,  and  when  set  free  from  one  of 
its  colored  salts  reverts  instantly  into  a  colorless  lactoid  form: 

H0OCC»rT4C(C.H4OH)  :  O.H4  :  O  «=s  OOCCiH<C(CtH,OHk 

R*i  I I 

CtaMw 

The  red  color  is  in  this  case  also  due  to  the  quiuoid  grouping  :  C,Ht: . 
In  the  free  acid,  the  condition  of  equilibrium  favors  the  lactoid  form, 
and  only  d  quantities  of  the  quinoid  acid  arc  present.     This 

trace  of  quinoid  add  Ea  Ionised  "id  in  equilibrium  with  its  ions: 

HOOCCeH,C(C,H,OH)  :  C«H,  :  O  ♦=* 

B>  +  OOCCH,C(C,H,OH)  :  CH, :  0~. 

The  addition  of  an  alknli  causes  the  bydrogeo  ions  to  disappear, 
more  of  the  quinoid  molecules  must  be  ionized  to  preserve  oquilil*- 
rium,  und  the  quinoi<l  molOCUltf  in  turn  be  reproduced  from  the  lactoid 
ISt  as  the  former  are  converted  into  the  salt.  Phenol phthnhin  is 
a  very  sensitive  indicator  toward  acid,  but  on  account  of  being  such 
a  weak  acid  it  docs  not  form  stable  salts  with  weak  bases. 
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Besides  these  indicators,  others  arc  often  employed,  among  which 
may  be  mentioned  Litmus  atul  Lacmoid,  which  are  rod  with  acids 
and  blue  with  alkalies;  and  Turmeric,  which  is  brown  with  alkalies 
and  yellow  with  acids. 

The  wiotlS  indicators,  therefore,  differ  from  one  another  with 
regard  to  the  extent  to  which  they  normally  undergo  ionization  either 
as  an  Mid  Of  M  R  hu.sr.  They  show,  as  a  result,  spciilic  dOgTOOS  of 
wntritlTCinnflrj  to  hydrogen  cations  and  to  hydroxyl  anions.  The  follow- 
ing table  shows  the  coneentration  of  the  ion  required  to  produce  the 
color  change.  The  table  gives  results  obtained  when  about  two  drops 
of  a  0.1  per  cent  solution  of  the  indicator  are  added  to  10  cc.  of  the 
solution  tested. 

SENSITIVENESS  OF  INDICATORS- 


Indlntlor. 

Color  with  H+. 

Color  with  Oil-. 

fiiniTiilmtion  ICniiwrtd  t 
for  Culm  Clmiigoo* 

rr*. 

Mil". 

Phenol  phthaleln 

Aiolitrmii  i  in  Ilium-  i 
Mrihyl  orange  

colorless 

1  idlcl   pi nk 

reddwh.oranKo 

pink 
ycl  low . . 

0  0,1 

ii  0.1 
0.0,1 

0  041 
0  0,1 
0.0,1 

The  table  shows  that  of  these  three  indicators  phenolphthalein  is 
the  most  sensitive  to  acids,  and  methyl  orange  is  the  most  sensitive  to 
bases. 

CxAloidnl  Solutions 

If  an  alkaline  silicate  in  dilute  solution  is  mixed  with  dilute  hydro- 
chloric acid,  the  solution  remains  clear  and  apparently  unchanged  in 
ipite  of  the  faet  that  silicic  acid  is  only  slightly  soluble  in  water.  If  the 
liquid  thus  obtained  is  placed  in  a  vessel  whoso  walls  are  formed  of 
parchment  paper  or  of  bladder,  and  this  vessel  is  placed  in  pun-  water, 
il  in  possible  to  wash  out  all  the  excess  hydrochloric  acid  and  all  of  the 
sodium  in  the  form  of  sodium  chloride.  This  is  the  so  culled  process 
of  dialysis.     The  liquid  in  the  dialyxer  contains  silicic  acid. 

Thesilic:.-  add,  however,  is  not  in  the  form  of  a  true  solution.  If  it 
is  evaporated,  an  amorphous,  gelatinous  mass  is  obtained  which  is  only 


•  Fnn  J.  BtiagUts:  Qualitative  Analysis. 

IBM  |H*|  X  [OH   |  -  1.05  X  10_"  in  any  solution,  the  OH-  concentration  M 
0.0,1  irhm  the  IH   .  lion  ia  O.Orl.  O.Orl  whan  [H+l  i lO.OJ   tad  on.,  i  whrn 

|H+|  ia  0.0|1.     The  til>t  r.-olurrin  m  the  tabic  tndicot'  •  i'l  ftrytiur  to  affect 

UV  indicator  and  the  second  column  when  a  base  brain*  to  affect  it. 
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slightly  soluble  in  water.  The  boiling-point  and  freezing-point  of  the 
solution  do  not  differ  much  from  that  of  pure  water.  The  addition  of 
various  substances,  especially  of  suits,  causes  the  liquid  to  solidify  as  a 
jelly,  especially  if  it  has  been  concentrated  somewhat  by  evaporation 
in  the  cold. 

A  similar  experiment  can  bo  performed  with  nrsenious  acid  and 
hydrogen  sulfide.  The  aqueous  solution  of  arsenious  oxide  turns 
orange  yellow  when  hydrogen  sulfide  is  ptlWill  into  it  and  becomes 
opalescent  without  forming  any  precipitate,  although  arsenious  sulfide 
is  only  very  slightly  soluble  in  water.  The  liquid  will  pass  unchanged 
through  an  ordinary  paper  filter.  If  a  little  hydrochloric  acid  or  some 
salt  solution  in  added  to  the  yellow  opalescent  liquid,  a  heavy  precipi- 
tate of  arsenious  sulfide  at  once  forms. 

A  liquid  in  which  a  very  insoluble  substance  appears  to  be  in  solu- 
tion far  beyond  its  usual  degree  of  solubility,  and  yet  does  not  show  at 
:ill  i  he  behavior  of  an  ordinary  supersaturated  solution,  is  said  to  con- 
tain the  substance  in  colloidal  solution. 

Such  solutions  are  very  commonly  formed  with  difficultly  soluble 
k'fl.itinous  substances.  It  was  formerly  thought  that  such  solutions 
represented  true  solutions  of  difficultly  soluble  substances  in  the  form 
of  a  soluble  colloidal  modification,  but  more  recent  observations  with 
the  ultramicroRcope  have  indicated  that,  colloidal  solutions  are  really 
suspensions  of  minute  solid  particles.  The  colloidal  condition  evidently 
interferes  with  the  precipitation  of  insoluble  substances,  and  since  most 
of  the  separations  of  analytical  chemistry  depend  on  the  formation  of 
precipitates,  analytical  chemistry  is  chiefly  concerned  with  the  colloidal 
condition  as  one  that  is  to  be  avoided  as  much  as  possible. 

The  suspended  particles  of  most  colloids  carry  elei  t  rieul  charges; 
a  potential  difference  exists  between  the  particles  and  the  liquid.  Some- 
times the  charge  on  the  particles  is  positive,  as  with  the  colloidal  solu- 
tion of  ferric  hydroxide,  aluminium  hydroxide  and  chromium  hydroxide 
and  sometimes  the  charge  is  negative,  as  with  the  colloidal  solu- 
tions of  silicic  ncid,  stannic  acid,  the  sulfides  of  arsenic  and  cadmium, 
silver  iodide,  silver  chloride,  gold,  platinum  and  silver.  Substances 
in  the  colloidal  condition  which  carry  an  electric  ehnrge  are  precipitated 
by  an  electrolyte.  Negatively-charged  colloids  are  precipitated  by  the 
action  of  positive  ions  and,  conversely,  the  positively-charged  colloids 
are  precipitated  by  negative  ions.  The  precipitated  rabrtaoce  carries 
with  it  I  little  of  the  precipitating  ion  in  the  form  of  an  adsorption  com- 
pound. The  precipitating  power  of  electrolytes  increases  decided  I  v 
witli  the  vhIciiii-  of  the  pn-eipitutinn  ion. 

Some  colloids  do  not  carry  much  of  an  electric  charge  and  sometimes 
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the  charge  is  positive  in  acid  and  negative  in  alkaline  solutions.  Col- 
loids which  do  not  carry  much  electric  charge  are  not  precipitated 
by  dilute  solutions  of  electrolytes.  These  colloids  arc  coagulated  by 
heat  by  any  other  method  of  dehydration  such  as  the  addition  of  con- 
centrated sail  solutions,  or  by  the  addition  of  another  solvent  such  as 
alcohol.  Colloids  which  arc  not  sensitive  to  precipitation  by  electro- 
lyte* often  act  a*  protective  colloids  and  hinder  the  precipitation  of 
other  substances.  Thus  tannic  acid,  gelatin  and  albumin  act  as  such 
protecting  agents,  probably  by  forming  protective  films. 

To  prevent  the  colloidal  condition  in  analytical  work  it  is  necessary 
to  take  certain  precautions.  Since  electrolytes  cause  the  precipitation 
of  colloids,  it  may  In-  expected  tlint  their  absence  will  tend  to  aid  in 
the  formation  of  colloidal  solutions.  Thus  in  washing  a  precipitate 
which  is  known  to  have  a  tendency  to  pass  into  colloidal  solution,  it  is 
best  to  wash  with  a  solution  of  some  indifferent  electrolyte  rather  than 
wit  h  pure  water.  Again,  if  precipitations  are  attempted  in  very  dilute 
solutions  of  such  substances  as  arscnious  sulfide,  it  is  beat  to  have  an 
i.lvic  in  the  solution  at  the  start.  It  is  also  necessary  torememlxT 
that  the  colloids  carry  down  with  them  tho  precipitating  ion  by  which 
t  In- y  are  coagulated.  To  avoid  analytical  mistakes  caused  by  such  loss 
of  ions,  a  wffiYient  concent  ration  of  some  other  ion  is  usually  provided 
in  the  form  of  an  acid  or  an  ammonium  salt.  The  washing  of  the 
precipitated  colloid  with  ammonium  chloride  or  ammonium  nitrate 
gradually  removes  these  precipitated  ions,  but  it  is  very  difficult  tfl 
avoid  all  danger  of  loss  from  this  source. 

When  protective  colloids,  especially  of  the  gelatin  or  albumin  type 
are  present,  they  may  interfere  so  much  with  the  common  precipitation 
testa  that  it  is  necessary  to  destroy  the  protective  colloid,  usually  by 
oxidation,  before  proceeding  with  the  analysis. 

7*/i*  Etvporalion  of  Acids 

It  is  often  necessary  to  diminish  the  ucid  concentration  of  a  solu- 
The  simplest  way  to  accomplish  this  is  by  neutralization,  but 
it  is  often  undesirable  to  introduce  foreign  substance  into  the  solution, 
and  in  such  rases  the  acid  is  removed  by  evaporation.  To  prevent  loss 
by  spattering,  it  is  well  to  evaporate  in  a  porcelain  dish  on  the  steam 
bath;  but,  to  save  time,  the  evaporation  may  take  place  over  a  free 
flame.  In  this  case  the  solution  should  Ik?  kept  in  motion  either  by 
stirring  or  by  rotating  the  contents  of  the  dish  and  moving  it  back  :uhI 
forth  over  the  Same.  For  evaporations  over  u  free  flame,  an  Erlen- 
iiKyer  flask  is  often  used;  the  sides  of  the  flask,  being  cooled  by  the 
air,  act  as  a  condenser  and  delay  evaporation   but  they  also  serve  to 
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prevent  nicchauieal  loss.  Spattering  is  caused  by  steam  being  formed 
too  rapidly  at  the  bottom  of  the  dish,  by  steam  being  formed  beneath 
a  crust  which  has  formed  on  tha  surface  of  the  liquid,  or  by  steam  being 
formed  from  enclosed  mother-liquid  in  it  solid  tluit  lias  separated.  The 
steam  escapes  then  only  after  its  pressure  has  become  consider.!  I  ■  1 » - 
The  breaking  of  glass  dishes  when  heated  over  a  free  flame  is  due  to 
overheating  the  glass  by  contact  of  the  fhnne  with  some  part  llint  is 
not  being  kept  relatively  cool  by  contact  with  liquid.  Moving  the 
I  hack  and  forth  over  the  flame  prevents  breakage  by  preventing 
overheating  of  the  glass;  the  bottom  is  kept  uniformly  wet  on  the  inside 
I  vi-ii  when  but  little  liquid  n  minis. 

The  behavior  of  acids  upon  evaporation  is  interesting.  A  solution 
of  hydrochloric  acid  of  specific  gravity  1.10  boils  at  110°  under  atmoa- 
pheric  pressure.  The  solution  contains  20.2  per  cent  of  hydrogen 
chloride  and  its  concentration  is  thus  a  little  less  than  (>N.  No 
other  mixture  of  water  and  hydrochloric  acid  boils  as  high  and  eon- 
Kequcntly  in  evaporating  a  solution  of  hydrochloric  arid,  although  thfl 
total  quantity  of  hydrochloric  acid  constantly  diminishes,  the  com  ■•  n- 
tratii.n  nf  tin-  remaining  acid  will  tend  to  approach  the  composition  of 
iln  const  ant  boiling  mixture.  If  the  acid  is  more  dilute  ut  the  start.. 
evaporation  will  cause  the  acid  that  remains  to  Ik*  more  concentrated. 
and  if  more  concentrated  at  the  start,  evaporation  will  cause  the 

remaining  add  to  be  more  dilute. 

Nitric  acid  similarly  forms  a  constant  boiling  mixture  with  water. 
This  mixture  boill  at  120.5°  and  contains  bS  per  cent  of  nit ri •■  and. 
the  acid  concentration  of  the  mixture  is  about  10.6 N. 

Sulfuric  acid  forms  with  water  a  constant  boiling  mixture  that  con- 
tains 08.8  per  cent  of  anhydrous  Milfuric  nrid  mid  Iniils  at  330°.  It  was 
once  thought  that  these  constant  boiling  mixtures  of  acid  and  water 
corresponded  to  definite  hydrates  of  tin-  and,  but  the  composition  of 
Midi  i  mixture  and  the  boiling-point  varies  with  changes  in  pressure  in 
a  way  that  proves  no  definite  compound  is  present. 

When  it  is  desired  to  change  a  solution  of  a  chloride  to  one  of  a 
nitrate  it,  is  very  easy  to  do  this  by  evaporating  once  or  twice  with 
nitric  acid.     The  nitric  acid  reacts  with  the  hydrochloric  acid, 
6  HCl  4-  2  HNO,  -  4  H.O  +  9  NO  [  +  3  CU  T  , 

and  by  adding  an  excess  of  the  nitric  acid  all  of  the  chloride  is  decom- 
posed. The  most  economical  way  to  accomplish  the  change  i-  to 
evaporate  nearly  to  dryness  and  then  add  a  little  strong  nitric  acid. 
repeating  the  evaporation  and  addition  of  acid  until  no  more  red  fumes 
are  evolved  nn  adding  the  acid  (NO  +  air  =  red  XOj). 
Similarly  a  solution  of  nitric  acid  may  be  changed  to  one  of  hydro- 
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chloric  acid.  Aqua  regia  is  formed,  as  in  the  above  ease,  and  by  whig 
an  excess  of  hydrochloric  acid  all  the  nitrate  is  decomposed. 

The  replacement  of  nitric  acid  or  of  hydrochloric  acid  by  sulfuric 
acid  is  based  on  another  principle.  In  this  MM  the  change  i*  aeeom- 
plished  by  evaporating  till  dense  fumes  of  sulfuric  acid  are  evolved. 
Very  little  sulfuric  acid  is  lost  until  all  of  the  more  volatile  acid  has 
evaporated. 

Phosphoric  acid  is  still  less  volatile.  By  evaporation  with  phos- 
rie  acid  even  sulfuric  acid  can  be  distilled  off  without  losing  Ml 
appreciable  quantity  of  phosphoric  acid,  but  the  phosphoric  acid  is 
changed  to  pyrophosphoric  acid  or  to  metaphnsphoric  acid. 

To  change  a  sulfate  or  a  phosphate  solution  to  a  chloride  or  nitrate 
presents  a  more  difficult  problem  than  that  of  simple  evaporation.  It 
IBtomary  in  such  eases  to  remove  the  phosphate  or  sulfate  ions  by 
precipitation  or  to  precipitate  the  desired  cation  as  hydroxide  or  car- 
bonate and  to  dissolve  the  precipitate  in  r  1 1     deffood  Mid 

Filtration  anil   Wanlting  of  Precipitate* 

When  a  precipitate  is  produced  in  qualitative  analysis  it  is  necessary 
to  remove  it  from  the  liquid  by  to 00118  «>f  Jilt ration.  The  size  of  the  Biter 
used  should  be  determined  by  the  size  of  precipitate  and  not  by  the 
ime  'if  liquid.  In  attempting  to  detect  tin-  presence  of  traces  of  a 
substance  it  is  often  necessary  to  work  with  large  quantities  of  the  orig- 
inal substance,  and  this  involves  the  use  of  correspondingly  large 
volumes  of  liquid.  If  from  such  s  solution  a  very  little  precipitate 
is  formed,  it  will  In-  practically  lost  if  spread  over  a  large  lilt  it,  anil 
further  work  with  the  precipitate  is  hampered, 

Before  examining  BUch  a  precipitate  it  must  Im-  completely  freed  from 
all  traces  of  the  filtrate.  This  is  accomplished  by  washing.  Wash- 
ing must  be"  continued  until  no  test  can  he  obtained  with  the  I 
water  for  a  certain  substance  known  to  be  present  in  the  filtrate.  For 
example,  suppose  it  is  necessary  to  filter  off  some  suspended  barium  sul- 
fate from  a  solution  containing  sodium  sulfate:  the  precipitate  must  be 
continuously  Washed  until  a  sample  of  the  wash-water,  acidified  with 
hydrochloric  acid,  no  longer  gives  a  precipitate  on  the  addition  of 
barium  chloride.  As  a  rule,  it  is  not  advisable  to  run  the  wash-water 
into  the  filtrate  be  ausc  this  occasions  an  unnecessary  dilution  of  the 
The  filter  must  always  lie  smaller  than  the  funnel,  and  the 
pitate  should  not  extend  higher  than  to  within  5  mm.  of  the  top 
of  the  filter.  Finally,  large  precipitates  should  bo  avoided  as  far  as 
possible,  for  they  render  exact  work  more  difficult  —  filtration  and 
washing  consuming  too  much  time. 
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//.     Reactions  in   the  Dry   Way 

These  reactions  arc  employed  chiefly  in  the  so-called  "preliminary 
examination,"  in  testing  tho  purity  of  precipitates,  and  in  the  examina- 
tion of  minerals.  The  moat  important  reactions  of  this  nature  consist 
in  the  testing  of  a  substance  with  regard  to  it«  — 

1.  Fusibility; 

2.  Ability  to  color  the  non-luminous  Bunsen  flame; 

3.  Volatility; 

4.  Behavior  toward  oxidation  and  reduction. 

In  order  to  carry  out  these  reactions  it  is  customary  to  use  the 
non-luminous  gas  flame;  and  to  understand  the  operations  to  be 
described  it  is  necessary  for  us  to  know  something  about  the  composi- 
tion of  illuminating  gas  and  the  nature  of  the  flame. 

Illuminating  gas,  when  made  by  the  destructive  distillation  of  coal, 
contains  about  1.6  per  cent  CO»,  4.0  per  cent  C0Hjo  compounds 
(illuminants),  0.4  per  cent  0»,  8.5  per  cent  CO,  49.8  per  cent  Hi,  29.5 
per  cent  CH4,  3.2  per  cent  CjHe,  and  3.2  per  cent.  N». 

All  these  components,  except  CO»,  Oi  and  Nj  (which  are  present 
only  in  small  amounts),  are  combustible;  they  are  reducing  substances. 
Illuminating  gas  ordinarily  hums  with  a  luminous  flame,  and  the 
luminosity  is  due  to  the  presence  of  unsaturated  hydrocarbons  (CBHj„), 
principally  ethylene,  propylene,  acetylene,  etc.  If  ethylene  is  heated 
to  a  certain  temperature,  it  is  decomposed  into  methane  and  carbon: 

CjH,  =  CH4  +  C, 
and  it  Li  glowing  carbon  which  causes  the  luminosity  of  the  flame. 

The  other  unsaturated  hydrocarbons  behave  like  ethylene.  The 
ranadnbig  combustible  eniistituent*  ,,f  illuminating  gas  burn  with  a 
non-luminous  flame.  If  wo  bring  air  into  the  gas,  the  flame  becomes 
non-luminous.  With  the  Bunsen  burn*  air  is  introduced  by  opening 
the  holes  at  the  base  of  the  burner.  In  such  a  gas-flame  there  are, 
according  to  Bunsen,  the  following  parts  (Fig.  1*): 

I.  The  inner  cone  of  the  flame,  aab,  in  which  no  combustion  takes 
place,  because  the  temperature  here  is  too  low.  This  part  of  the  flame 
contains  unhuraed  gas  mixed  with  about  62  per  cent  of  air. 

II.  The  flame  mantle,  indicated  by  aeaba,  which  is  composed  of 
burning  gas  and  air. 

III.  The  luminous  tip,  at  b,  which  does  not  appear  unless  the  air- 
holes :ire  i -I used  somewhat. 


•  In  the  drawing,  the  linw  A  represent  a  metallic  rliimnoy.  or  flame-protector, 
which  rwtt  upon  the  support  et.  It  is  advisable  to  furnish  each  humer  with  such 
a  flame  protector. 
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In  these  three  principal  parts  of  the  flame  Bunscn  distinguished 
six  reaction  /-ones: 

1.  The  base  of  the  flame  at  a'.  The  temperature  hero  is  relatively 
low,  because  the  burning  gas  is  cooled  by  the  constant  current  of 
fresh  air,  and  also  because  the  burner  itself  conducts  away  considerable 
lieal.  This  part  of  the  flame  serves 
to    teat     volatile     substances    to    see 

whether  they  impart  color  to  the  fiatne.  rV"  £ 

In  rase  several  substances  are  present 
which  color  the  flume,  it  is  often  pos- 
sible to  observe  the  colura  one  after  the 
other,  in  that  the  most  volatile  sub- 
stance colors  the  flame  first,  and  later 
the  colors  caused  by  the  less  volatile 
ones  are  seen.  This  would  not  be  pos- 
sible ai  11  hotter  part  of  the  flame,  as 
all  of  the  substances  would  then  be  im- 
mediately Volatilized,  producing  a  mix- 
ture of  colors. 

2.  The  /wring  zone  at  $.  This  lies  at 
a  distance  of  somewhat  more  than  one- 
iliird  of  the  height  of  the  flame,  and 
equidistant  from  the  outside  and  the 
inside  of  the  mantle,  which  is  broadest 
at  this  part.  As  this  is  the  hottest 
part  of  the  flame,  it  serves  for  testing 
substances  as  to  their  fusibility  and 
volatility.  Fio.  1 

3.  The  lower  oxidising  flame  lies  in 

the  outer  border  of  the  fusing  zone  at  7,  and  is  MpOCiaQy  suited  for 
the  oxidation  of  substances  dissolved  in  vitreous  fluxes. 

4.  The  upper  oxidising  zone,  at  «,  consists  of  the  non-luminous 
tip  uf  the  flame,  and  acts  most  effectively  when  the  air-holes  of  the 
lamp  are  fulhy  open.  It  is  used  for  varioua  oxidizing  tests,  the 
roasting  away  of  volatile  products  of  oxidation,  and  generally  for 
all  processes  of  oxidation  where  the  very  highest  temperature  is  not 
required. 

5.  The  lower  reducing  zone  lies  at  fi,  in  the  inner  border  of  the  fusing 
tone  next  to  the  dark  cone.  As  the  reducing  gases  are  mixed  here  wit  h 
oxygen  from  the  air,  many  substances  which  are  reduced  by  the  upper 
reducing  flame  are  unaffected  in  this  zone.  This  part  of  the  flame  is 
consequently  very  well  adapted  for  a  test  which  cannot  be  made. 
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with  the  blowpipe,  namely,  reduction  on  the  charcoal  stick,  and  in 
vitreous  fluxes. 

6.  The  upper  reditei ng  flame  is  at.  »;,  in  the  luminous  tip  of  the  dark 
inner  cone  which  may  he  produrod  by  gradually  diminishing  tlioHupply 
of  air.  If  the  luminous  tip  has  been  made  too  large,  :i  test-tube  or 
porcelain  dish  filled  with  water  and  placed  over  it  will  be  blackened, 
which  should  never  be  the  ease.  This  luminous  tip  contains  no  free 
axyg&k,  is  rich  in  separated  incandescent  carbon,  and  has,  therefore, 
a  much  stronger  reducing  action  than  t lie  lower  reducing  zone.  It  is 
ii  id  more  particularly  for  the  reduction  of  oxides  collected  in  the  form 
of  incrustations. 


Mrllnttix  for  thr  Examination  of  a  Subntance  in  tlitt  Dry   Way 

I.  Tsar  of  mi:  l't  amru  i 

This  test  is  principally  made  in  the  examination  of  minerals,  which 

are  introduced  into  the  Bamo  is  the  loop  of  a  platinum  win- (about  as 
thick  as  a  horsehair  i.  The  sample  is  examined,  after  heating,  by  meant 
of  a  magnifying  glass  to  see  whether  the  eornera  are  rounded,  due  to 
melting.  The  potentially  hottest-  temperature  of  the  fusing  zone 
amounts  to  about  2300°  C."  It  will  never  be  possible  to  tench  this 
temperature  with  the  * > - -t .  beoauM  the  Bufaetance  itself  loses  heat  by 
radiation.  As  the  amount  of  heat  Inst  by  radiation  is  proportional 
to  the  surface  exposed,  it  is  evident  that  we  will  obtain  I  be  maximum 
heat  by  using  a  very  small  sample  and  bolder.  For  this  reason  a  coarse 
wire  should  not  be  used  for  this  teat. 

We  distinguish  the  following  degrees  of  heat: 

I.    Fuiiit  r.sl  (tlnw  S2S*  C.         Melting-point  of  mngneeium 631* 


2    l>»rk  red  glow 70O* 

8.  Bright  rad  glow 950° 

4.  Yellow  glow UOO* 

5.  Faint  uliit-   giro  1300* 

t>.  Full  wtttegjon  1500* 


aluminium G5N.7°t 

■for fiOO.5" 

I  gold I0681 

I  copper 10HT 

nUkel  1 152° 

platinum 17.55* 


Below  525°  C.  the  following  substances  melt:  tin  at  232°,  bismuth 
at  271°,  lead  at  327°,  sine  at  420". 

•  This  temperature  will  In-  considerably  lower  with  too  large  a  supply  of  lb, 

Aooordlag   bO    N.iiiiii.-uin,    tl*   t- mpi-Mture  ol   illuminating  gua  with   1J   turns  it» 

BH   "I    KB    reaehei  about    18M    <■'-.    but    the   temperature   obtained    is   usually 

miu  i.i  in.--  hv  radiation.     Tfia&Mrrf  platinum  wif  can  !«•  melted  by 

means  of  the  Ilium-,  but  not  whan  it  ■  as  thick  a*  a  horsehair. 

t  CiwolarNi  Has  Bureau  of  stand-mix.  WaahbltoB,  D.C    Cf.  Burgeas- 

Le  Gbattlier:  "Hlgn-Tcmpeaataw  Measurement*." 
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2.    Color  Impahtf.i)    lo   i  iik   1'i.amk 

The  substance  (best  in  the  forts  of  the  chloride)  m  placed  in  the 
loop  of  a  fine  plutirium  wire,  introduced  into  the  base:  of  the  tlitine, 
and  then  finally  brought  into  the  fusing  zone. 

H.     TK8T   OF   THE    YoLATILll  1 

A  little  nf  the  substance  is  heated  in  a  mail  test-tube  or  in  a  piece  of 
glass  tubing  sealed  at  one  end.  Volatile  substances  are  transformed 
into  vapor,  often  without  molting,  and  the  vapors  condense  on  the 
cooler  wall*  "f  the  ml«\ 

4.    Oxidation  and  RsDVOTUSIS 

(a)   /n    Vitreous  Fluxts  or  Beads 

To  make  a  bead,  borax  (Na^Oj  •  IOHjO)  or  salt  of  phosphorus 
(NaNH,IIPO«  f  4H»0)  is  used.  A  piece  of  very  fine  platinum  wire. 
about  3  cm.  long,  is  sealed  into  the  end  of  a  glass  tube.  The  wire  is 
heated  to  redness,  and  then  quickly  dipped  into  the  borax  or  salt  of 
phosphorus,  held  near  the  flame,  whereby  a  small  amount  of  the 
salt  is  fused  to  the  end 
of  the  wire.  By  repeated 
;  and  dipping  into 
a  bead  of  suffi- 
cient size  is  obtained. 
This  should  be  about 
1.5  mm.  in  diameter  at 
the  most.  It  la  not.  ad- 
Me  to  make  a  loop 
at  the  end  of  the  wire, 
because  in  this  way  the 
exposed  surface  i*  un- 
necessarily increased.  Fia.  2 
There  is  no  danger  of  the 

bead  falling  off.  provided  the  wire  is  bald  horizontally  in  the  flame  and 
the  liead  is  not  too  large,  Iii  order  to  bring  the  SUbstttMfl  in  question 
into  the  I iead,  n  i-  only  neeessai y  i n  iii. i. sr. mi  i  In-  |»i •«■!■  wit li  i In-  tongue, 
and  then  dip  it  into  the  finely  powdered  substance,  which  will  cause  a 
small  amount  to  adhere  to  the  liead.  It  is  preferable  to  introduce  loo 
substance  into  the  bead  rather  than  too  much.  Iiecausc.  in  the 
latter  case,  the  bead  will  become  dark  and  opaque.  The  oxidation  of 
the  substance  in  the  lx»ad  is  brought  about  by  heating  it  in  the  lower 
oxidizing  flame;  reduction  is  usually  effected  by  heating  in  the  lower 
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reducing  zone,  and  cooliiip  in  the  dark  inner  cone,  in  order  to  prevent 
oxidation,  which  might  take  place  if  the  substance  were  cooled  iu  the 
air. 

In  order  to  clean  the  wire,  a  horax  land  is  produced  on  the  wire, 
which  is  then  heated,  as  is  shown  in  Fit?-  2,  a,  on  one  side  of  the  bead 
only,  so  that  the  latter  runs  along  the  wire  in  the  opposite  direction, 
dissolving  off  all  impurities.  By  heating  the  bead  from  the  other 
snlr,  lii;.  2,  b,  it  is  driven  toward  the  end  of  the  wire,  from  whieh  it 
can  be  shaken  off  by  a  quick  jerk.  By  repeating  this  process  three 
times  the  win-  Ifl  cleaned  with  the  exception  of  a  small  amount  of 
adhering  borax-glass,  which  can  be  removed  by  heating  the  wire  in 
the  fusing  zone  until  the  sodium  flame  entirely  disappears. 

(b)  Reduction  on  the  Charcoal  Stick 

These  exceedingly  beautiful  reactions  are  among  the  most  sensi- 
tive of  those  used  in  analytical  chemistry,  and  should  be  faithfully 
practiced  by  every  beginner.  The  cause  of  their  HOnsitivi_'iiess  is 
due  to  their  taking  place  on  the  extreme  end  of  a  tiny  piece  of  char- 
coal, that  is  at  a  point,  so  that  I  he  .sample  has  no  opportunity  to  spread 
itself  over  a  large  surface,  which  is  the  case  with  the  ordinary  reactions 
on  charcoal  before  the  blowpipe. 

To  carry  out  these  reactions,  we  use  an  ordinary  splinter  consisting  of 
good,  straight  fillers,  such  as  used  in  an  old-fashioned  brimstone  match 
(not  a  safety-match,  which  has  already  been  subject  to  chemical  treat  - 
ment).  It  is  impregnated  with  sodium  carbonate  (soda)  in  the  follow- 
ing manner:  A  crystal  of  sodium  carbonate  (Nu«COi  •  10  H30)  is 
warmed  in  the  flame,  whereby  it  melts  in  a  part  of  its  water  of  crystalli- 
zation. Three-fourths  of  the  length  of  the  match  is  now  smeared  with 
this  liquid  soda,  and  the  match  is  then  slowly  rotated  on  its  axis  in  the 
flame,  until  the  soda  melts  and]  penetrates  the  charcoal.  On  with- 
drawal from  I  he  flan  n- 1  in -re  should  be  no  place  which  continues  to  glow; 
should  the  latter  bfl  the  case,  the  stick  should  !*•  quickly  immersed  in 
the  soda  again.  In  this  way  one  obtains  a  solid  little  piece  of  charcoal, 
•rhich  .  an  be  heated  for  a  long  time  without  burning  through. 

In  order  to  carry  out  a  reduction,  a  small  amount  of  the  substance 
to  be  examined  is  mixed  on  the  palm  of  the  hand  wit  h  an  equal  amount 
of  anhydrous  sodium  carbonate,  a  small  drop  of  melted  sodium  car- 
bonate crystal  is  added,  and  the  mixture  is  made  into  a  paste  by  means 
of  the  blade  of  a  penknife.  The  heated  piece  of  charcoal  is  then 
robbed  Into  the  mixture,  which  adheres  to  it.  The  sample  is  first 
heated  in  the  lower  oxidizing  flame  until  it  has  melted,  and  then 
moved  into  the  lower  reducing  flame.    The  reduction  will  be  made 
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evident,  by  a  \iolcnt  swelling  up  of  the  melt,  caused  by  the  evolution 
«f  carbon  dioxide.  As  soon  as  the  DOH  melts  quietly  the  reduction 
is  complete.  The  substance  is  allowed  to  cool  in  the  dark  rone, 
after  which  it  is  removed  from  tiu  Maine.  Ibe  metal  is  now  found 
on  the  extreme  end  of  the  oubonifled  match,  concentrated  in  a  point. 
This  point  is  broken  off,  and  triturated  with  n  small  amount  of  water 
in  an  agate  tnorlar.  The  excess  of  sodium  carbonate  goes  into  solution, 
part  of  the  charcoal  floats  on  the  surface  of  the  water,  while  the  heavier 
metal  sink*  to  the  bottom.  In  case  the  reduced  metal  is  iron,  nickel. 
or  cobalt,  it  will  not  1m-  noticeable  to  the  eye,  but  it  may  be  taken  Op 
nth  a  magnetized  knife-blade,  to  which  it  will  adhere,  usually  mixed 
uitli  charcoal.  This  should  be  dried  by  cautious  warming,  the  tuft 
of  metal  taken  off,  rubl>ed  between  the  thumb  and  forefinger,  and 
then  brought  into  contact  with  the  knife  again,  to  which  only  the  metal 
will  now  adhere.  The  metal  is  then  transferred  to  a  piece  of  washed 
filter-paper  about  3  4  mm.  wide  and  ">()  mm.  long,  so  that  it  comes  as 
near  as  possible  to  the  end  of  the  strip.  By  means  of  a  capillary  tube, 
t  drop  of  hydrochloric  acid  and  one  of  nitric  acid  arc  added,  and  the 
paper  is  warmed  over  the  BttDM  until  the  black  speck  (the  metal)  has 
disappeared,  when  the  final  test  can  be  made. 

In  order  to  test  for  iron,  a  drop  of  potassium  fcrrocyanide  is  added, 
whereby  the  presence  of  irOD  is  shown  by  the  appearance  of  a  distim  t 
formation  of  Prussian  blue.  To  test  for  nickel  and  cobalt,  the  metal  is 
dissolved  in  nitric  acid,  the  excess  of  acid  is  evaporated  off,  anil  a  drop 
(if  i •iinci-ntrated  hydrochloric  acid  added,  whereby  the  paper  is  colored 
hlue  if  cobalt  is  present ;  the  nickel  shows  at  tho  most  only  a  very  weak 
greenish  color  —  usually,  however,  no  color.  A  little  caustic  soda 
solution  is  now  added,  and  the  paper  held  in  the  vapors  of  broi- 
in  case  either  nickel  or  cobalt  is  present  a  brownish-black  spot  appears, 
due  to  the  formation  of  either  Ni(OH)i  or  Co(Ob 

If,  however,  the  metal  reduced  was  malleable,  it  is  usunlh  nbt.  ii'  I 
in  the  form  of  a  metallic  globule  on  the  end  of  the  match,  where  it  cun 
he  examined  wit  h  the  aid  of  a  lens.  Copper  is  not  always  obtained  as  a 
globule,  but  usually  as  a  reddish,  sintered  mass.  By  pressing  down  on 
a  malleable  metal  in  the  agate  mortar  it  is  obtained  as  a  glistening 
fragment,  which  can  be  readily  separated  from  the  specifically  lighter 
charcoal  by  washing.  To  accomplish  this  the  agate  mortar  is  inclined 
and  a  stream  of  water  is  directed  sideways  upon  the  mass,  whereby 
the  charcoal  is  washed  out  with  the  water,  and  the  metal  is  left  clean. 
It  is  transferred  to  a  watch-glass  and  tested  as  follows: 

I.  The  Metal  it  White  (Pb,  Sn,  Ag,  II).  The  metal  is  treated 
with  a  few  drops  of  nitric  acid  and  carefully  warmed.     Ix-ad  and  silve.t 
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dissolve  readily,  [ > ; * 1 1 1 < - 1 1 1 ; 1 1 ! \    upon  ad. In of  a  little  water.     Silver 

will  be  d(  ii  <i  c-i  1  i.y  the  addition  oJ  a  drop  of  hydrochloric  acid,  whereby 
white  silv.-i  chloride,  soluble  in  ammonia,  u  precipitated.    The  teal 
for  lead  is  dilute  sulfuric  acid,  irhioh  precipitates  white  lead  sulfate. 
If  the  metal,  on  treatment  witb  nitric  said,  remains  unchanged, 

it  is  probably  platinum.  II  should  be  dissolved  in  aqua  regie,  evapor- 
ated to  dryness,  dissolved  in  a  little  water,  and  potassium  chloride  solu- 
t  Mm  added.  A  yellow,  crystalline  precipitate  confirms  the  presence  of 
platinum.  If  the  metal,  when  treated  with  nitric  acid,  becomes 
changed  into  a  white  insoluble  oxide,  it  is  tin.  In  this  case,  another 
fragment  of  metal  is  dissolved  in  concentrated  hydrochloric  acid  aod 
d  for  tin  by  means  of  mercuric  chloride  solution,  or  by  a  solution 
of  bismuth  oxide  in  caustic  sod:i 

2.  The  Metal  it  Yellow  to  Red  (C'u,  Au).  Copper  is  readily  dissolved 
in  nitric  acid,  and  the  solution  gives  with  potassium  ferrocyanide  a 
reddish-brown  precipitate,  (.old  is  insoluble  in  nitric  acid,  but  soluble 
in  aqua  regia.  The  evaporated  solution  tiivcsn  violet-brown  color  with 
stannous  chloride,  due  to  finely  divided  gold. 

U)    Reduction    in    il   Class     Tube 

Besides  the  borax  bead  and  the  charcoal  stick,  reduction  is  often 
effected  by  means  of  mafrflfo  sodium,  potassium,  or  magnesium. 

Thus  small  amounts  of  phosphorus  in  anhydrous  salts  may  be 
l<ii'.ir|  in  i  lie  i'.  .lie  .wing  manner:  The  substance  to  be  tested  is  placed 
in  a  glass  tube,  !J  mm.  wide  and  50  mm.  loiur.  which  is  closed  at  one  end. 
A  imal!  cylinder  of  potassium  or  sodium  (freed  from  petroleum  by 
rubbing  between  filter-paper),  or  even  a  piece  of  magnesium  wire,  is 
added  to  the  tube,  and  the  contents  then  heated  until  the  glass  itself 

begins  tO  SOften.  The  reaction  is  so  violent  that  the  substance  seems  to 
take  fire.  After  BOOhng,  the  tube  is  broken  in  a  porcelain  mortar, 
when  by  breal  hing  over  the  mass,  the  smell  of  phoephoretted  hydrogen 

may  i"'  detected. 

The  halogens,  sulfur,  and  nitrogen  are  tested  for  in  a  similar  v. 
a-s  will  Im>  shown  hiler 

(il)    Reduction    in   the    Upper    Reducing  Flame  Jot  Ihc    I'lir/msr  of 

Forming  Metallic  and  Osias  IncrustatUms 

The  volatile  elements  which  are  reducible  by  means  of  hydrogen 
or  charcoal  may  lie  detected  in  this  part  of  the  flame  with  the  greatest 

esse,  as,  for  example,  ereenio,  antimony,  cadmium,  bismuth,  selenium, 

and  tellurium.  The  metallic  incrustations  are  obtained  I.-  holding  in 
one  Ii  I  portion  of  the  substanco  on  a  thin  aslxwtos  thread 
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Fi«.  3 


(platinum  will  be  attacked)  in  the  upper  reducing  BOOS  <>f  n  Mimll  gus 
flame,  when-  (hi-  oxide  i-  reduced  to  volatile  tuel:il,  and  horned  in  tin 
upper  oxidizing  flame  to  oxide,  In  tin-  dtlier  hand,  closely  over  the 
aubstanee  1.0  he  tested,  ■  held  a  glased  porcelaio  evaporating-diab, 

filled   with   \\:ilci.    as    i-     indicated    in    Pig.  3 
/,'.     The  metallic  vapors  are  condensed 

the  cold  dish,  and  deposited  on  it  in 

the  form  of  I  metallic   mirnn-  '"'   Blin.      If, 

however,  tha  dish  is  held  above  the  upper 

oxidizing  Bunt  .it  A),  there  is  formed  a 
thin,  often  invisible,  oxide  incrustation  on 
the  bottom. 

Should  it  be  necessary  to  treat  the  me- 
tallic incrustation  with  a  law  amount  of 
■ulwiit  (as  is  necessary  in  the  detection  of 

od  tellurium},  the  poroelsiii  dish 
i-  replaced  by  a  tesMube  half  filled  with 
cold  water.     A  somewhat  larger  teat-tube 

H  used  tn  hold  the  solvent,  and  the  smaller  test-tube,  on  which  the 

ni'-nistation  was  deposited,  is  placed  within  the  target  tube  and  the 

liquid  warmed   if  neoeSMiy. 

(e)    Rhncjiifir    Reduction   mi    I'hnrcmil 

These  teste  are  made  in  the  so-Galled  "  preliminary  examination." 

'his  purpose  a  small  cavity  is  made  with  a  penknife  in  h   pi 

of  Rood  charcoal  (preferably  of  linden  WOOd),  in  which  a  knifc-hkideful 
of  the  substance  to  Ik-  tested  is  placed,  previously  mixed  with  twice  as 
h  anhydrous  sodium  carbonate  As  i iharcoa]  is  a  porons  sub- 
stance, it  will  readily  absorb  melted  substances,  such  as  a  salt  of  the 
alksHrn     other  substances  are  changed,  by  means  of  the  sodium  eav 

bonate  USSd,  int.x-nlxmatcs,  which  arc,  for  the  most  part,  deeompo  ad 
on  heating,  into  oxides  and  carbon  dicxide.      The  OSJdM  Of  the  noble 

Is  are  decomposed,  without  the  aid  of  the  aharooal,  into  oarygen 
and  metal;  while  those  of  the  remaining  metala  arc  either  reduced  to 

I  or  remain  unchanged.  Thus  CuO,  PbO,  Hi-t),.  BbiOb,  SnO-, 
Fe»0».  Nl<  >.  and  (  (it  i  are  reduced  either  to  a  fused  metallic  globule  (Pb, 
3b,  Sn,  Ag,  and  Au),  or  to  a  sintered  mass  of  metal  (Cu),  or  to  a 
glistening  metallic  fragment  (Fe,  Xi.  Co,  Pi  I.  The  oxides  of  zinc, 
cadmium,  and  arsenic  do  not  give  metallic  globules,  but  are,  however, 
easily  reduced  to  metal.  These  metala  are  ao  volatile  thai  they  are 
changed  into  vapors,  and  arc  carried  from  the  reducing  zone  of  the 
flame  into  the  oxidizing  zone,  where  they  are  changed  into  difficultly 
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volatile  oxides.  These  oxides,  which  have  characteristic  colors,  are 
then  ilc-pnsilnl  <iM  i  he  charcoal  out«ide  the  cavity. 

Zinc  gfcai  an  Inerustation  wim-h  is  yellow  while  hot,  and  white 

v,  Inn  cold ;  that  of  cadmium  is  brown;  while  the  oxide  of  arsenic  gives 
:i  white  urn!  readily  volatile  incrustation.  Furl  licrnmn-,  1  In-  vnlatili/.a- 
tion  of  arsenic  gives  riso  to  a  characteristic  garlic  odor.  The  metals 
lead,  bismuth,  and  tin  give,  besides  the  metallic  globule,  an  oxide 
incrustation  which  u  typical. 

At  the  hiiiiir  time,  nitrates,  nitrites,  chlorates,  etc.,  may  be  recog- 
iiixc.l  by  the  f:ui  thai  they  cause  a  very  rapid  combustion  of  the  glow- 
ing churcoal  (deflagration).  This  deflagration  Ls  not  to  be  confused 
with  a  decrepitation  which  takes  place  on  heating  substances  con- 
taining enclosed  moisture  or  gases,  such  as  rock  salt,  fluor-spar,  ato. 
Crystals  of  such  substance*  are.  burst  by  the  quick  expansion  of  the 
enclosed  liquid,  and  scattered  about. 

M my  difficultly  fusible  .substances  do  not  melt  into  the  charcoal. 
Thus  many  silicates  form  a  liead  with  the  soda,  which  only  after  con- 
tinuous heating  will  give  up  the  alkali  and  allow  it  to  be  absorbed  by 
the  charcoal,  leaving  behind  the  white  infusible  silica.  Phosphates 
and  borates  act  similarly,  only  these  do  not  leave  behind  an  oxide, 
but  a  fused  glass.  Infusible  white  oxides,  as  those  >f  calcium,  stron- 
,.i.:n.  magnesium,  aluminium,  ami  many  <if  the  ran-  earths  (Wel.sbaeh 
mantle,  for  example),  glow  very  brightly,  and  in  fact  more  brightly 
as  they  are  more  strongly  heated. 

Division  of  the  Metal*  into  Group* 

The  metals,  for  purposes  of  analytical  chemistry,  may  be  divided 
into  five  groups: 

The  First  Group  contains  those  metals  whoso  chlorides  are  insoluble, 
or  difficultly  soluble,  and  whose  sulfides  are  insoluble  in  dilute  acids. 
Tin  v  may,  rhcrefore,  be  precipitated  from  their  solutions  by  means 
of  cither  hydrochloric  acid  or  hydrogen  sulfide 

The  Second  (in/it])  contains  those  metals  whose  chlorides  an*  soluble, 
•s  hose  sulfides  are  insoluble  in  dilute  acids.  They  may  be  precipi- 
tated from  their  solutions  by  means  of  hydrogen  sulfide,  but  not  by 
hydrochloric  add. 

The  Third  Group  contains  those  metals  whose  sulfides  are  soluble 
in  dilute  acids,  but  are  insoluble  in  water  and  alkalies;  and  also  those 
metals  whose  sulfides  are  bydrolyticnlh  i posed  into  hydrogen 

sulfide  and  insoluble  hydroxide.  The  memliere  of  this  group  are  pre- 
cipitated completely  by  hydrogen  sulfide  only  from  alkaline  solutions. 

The  Fourth  Group  contains  those  metals  whose  sulfides  are  soluble 
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in  water,  but  whose  carbonates  are  insoluble  in  the  presence  of  ammonium 
chloride.  They  are  precipitated  by  ammonium  carbonate  in  the  presence 
of  ammonium  chloride,  but  not  by  any  of  the  above  reagents. 

The  Fifth  Group  contains  magnesium  and  the  alkalies;  they  are 
not  precipitated  by  any  of  the  above  reagents. 

This  purely  arbitrary  grouping  is  based  upon  certain  specific  solu- 
bilities and  does  not  classify  the  general  chemical  behavior  of  the 
elements  as  the  periodic  system  of  grouping  does.  In  some  cases  the 
members  of  the  analytical  group  all  belong  to  the  same  group  in  the 
periodic  system  but  this  is  not  usually  true.  In  the  following  table 
which  shows  how  the  elements  are  grouped  according  to  the  periodic 
system,  the  analytical  group  to  which  each  metal  belongs  is  shown 
by  a  Roman  numeral  placed  in  the  upper  right-hand  corner  of  the 
space  in  which  the  symbol  of  the  element  is  given. 
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In  order  to  carry  out  an  analysis  with  certainty  it  is  necessary  to 
understand  not  only  the  reactions  of  the  different  elements,  but 
also  the  tensitivrntss  of  each  reaction.  The  analyst  should  l»e  able 
to  draw  a  conclusion  liy  il«c  -i/r  of  the  precipitate  formed  as  to  the 
approximate  amount  which  is  present,  in  the  original  substance. 
This,  however,  is  possible  only  when  the  experiments  are  made  with 
known  amounts.  Consequently  reagents  of  a  known  strength  an  used 
and  allout-d  to  ad  on  known  amounts  of  the  different  substances.  Ac- 
cording to  the  suggestion  of  It.  IMoclmiann  *  it  is  well  to  make  the  solu- 
"I  ih'  different  reagents  either  double-normal,  normal,  half- 
normal,  or  tenth-normal.  For  many  ycai i  flu-  author  has  used  in  his 
laboratory  solutions  of  reagents  and  salts  according  to  this  principle, 
and  has  found  that  the  beginner  in  this  way  gets  a  far  tetter  under* 
standing  of  the  stoichiometrical  relations  than  when  solutions  of  almost 
any  concentration  are  used,  as  was  formerly  the  custom. 

By  a  normal  solution  is  understood  one  which  contains  in  a  liter 
DM  gram-equivalent  of  the  substance  in  question,  referred  to  a  gr:nu- 
atom  of  hydrogen  as  a  unit.     A  tenth-normal  solution  will  contain 
One-tenth  of  a  gram-equivalent  in  a  liter,  etc. 
Thus  one  liter  of  a  normal  solution  will  contain 

HC1         -  36.47  gras. 
H,SO«  98.08 


2 

H,PO« 

3  3 

NaOH     =  40.01 

KMnO,      158.03 


=  49.04  gms. 

=  32.69  gms. 
gms, 
=  31.61  gms.  f 


equivalent  to  one 

gram-atom  of  hydrogen. 


— P — jv —   =  4ft  03  «ms.{ 

The  great  advantage  of  (his  system  is  that  one  always. knows  how 

h  "f  one  solution  should  be  used  in  order  la  rend  with  another 

quantitatively.     Thus   1   cc.  of  a  normal   caustic  soda  solution   will 


•  BcridUe,lM0,3l. 

t  TUl  i-  "irisidortng  the  solution  as  an  oxidizing  agent.  As  >  precipitant,  thr 
itorm.il  wlutioB  •■(  KMnO,  wmiM  loiiiim  ..ii-  in.  i|c  |..-r  lit.T.  The  reagent  is  almost 
invariably  usi*l  as  an  oxidiring  agent  and  not  as  n  precipitant. 

t  Alao  cximiidrrrd  as  .in  oxidizing  agr-nt.  An  a  precipitant,  the  normal  solution 
of  KjCriOi  iuwd  to  form  PbCrOj  or  Hut  "r<  >,  would  contain  one-fourth  mole  per  liter. 
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neutralize  1  cc.  of  any  normal  acid,  or  2  cc.  of  any  half-normal  acid. 
In  the  same  way  1  cc.  of  a  normal  solution  of  sulfuric  acid,  or  of  any 
sulfate,  will  precipitate  quantitatively  the  barium  from  1  cc.  of  a 
normal  barium  chloride  solution. 

The  Laboratory  Reagents 

I.    CoNCKNTHATBD    AdDB 


Sp.gr. 

Per  oeut  by  Wt. 

Approi .  Com. 

1.19 

37.9 

12  N. 

24  N. 

1.42 
1.7 

1.84 

69.8 
86.0 
96.0 

16  N. 

15  N. 

36  N. 

II.  Diluted  Acids 


Bp.gr. 

Par  cent  by  Wt. 

Appro*.  Cone. 

1.047 

1.10 

1.20 

1.12 

1.18 

35.0 
20.0 
32.3 

6N. 

6N. 

6N. 

2N. 

24  8 

6N. 

(Satd.  soln.  of  SOi) 
(150  K.  per  liter) 

0.33  N. 

2N. 

HI.   Babes 


Sp.  ft. 


Per  cent  by  Wt. 


Appro*.  Cone. 


Ammonium  hydroxide 
Ammonium  hydroxide 

Barium  hydroxide 

Potassium  hydroxide . 
Sodium  hydroxide 


0  90 
0  96 


28%  NH, 
9.9%  NH, 


(satd.  soln.  Ba(OH)i  •  8H,0) 
1.37  36.9 

1.22  19.7 


15  N. 
6N. 
0.4  N. 
9N. 
6N. 
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IV.  Sams 
(a)  Ammonium  Salts 


NMneoIS.it. 

Direction*  (or  M»kin«  Re«g»at. 

Cone. 

Ammonium  acetate 
NH.CH.O,  or  NH«Ac 

Mix  equal  volumes  of  6-normal  acetic  acid 
and  6-normal  ammonia. 

3N. 

Ammonium  carbonate 
(NH.),CO, 

Dissolve  250  gins,  freshly  powdered  ammonium 
carbonate  in  1  liter  6-normal  NH.OH.    The 
commercial  salt  is  NH4HCO,  •  NH4CO,NH,. 

6N. 

Ammonium  chloride 
NH«a 

Dissolve  64  g.  in  1  liter  of  water. 

N. 

Ammonium  molybdate 
(NH.)JHoO, 

Dissolve  00  g.  of  pure  ammonium  molybdate 
in  100  cc.  of  6-normal  NH«OH   add  240  g.  of 
NH4NO1  and  dilute  to  1  liter.    The  formula  of 
the  commercial  salt  is  (NH«)«MotOm  •  4H»0. 

N. 

(3  N.  in 

NH«NO,) 

Ammonium  oxalate 
(NH,),Crf), 

Dissolve  35  g.   (NH,)iC,0,  •  H,0  in  1000  cc. 
water. 

0.5  N. 

Ammonium  polys ul fide 
(NH.),&r 

Digest  1  liter  6-normal  ammonium  monosul- 
fide  with  25  gms.  flowers  of  sulfur  for  some 
hours  and  filter. 

6N. 

Ammonium  sulfide 
(NH4).S 

Pass  H,S  into  200  cc.  15-normal  NH4OH  in 
a  bottle  immersed  in  running  water  or  in 
ice  water   until  no  more  gas   is  absorbed: 
then    add   200   cc.    15-normal    NH.OH    and 
dilute  to  1  liter. 

6N. 
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it,)  Olhtr  Salt* 

Km  of  r*u. 

Formula. 

Formula 

W<M«I|I. 

Gntitm  «r 
Ijier. 

C  Vim-. 

Alum 

KAKSO.),.  12H.0 .... 
BaCI,  •  2H.O 

4;.". 

59 

0  5N. 

I  inn  urn  ohloride     .... 

244 

122 

N 

Bi(NO,),  -oH,(i 

4*4 

80 

0  5  N. 

Cd(NOi),  •  4H.0   . 

308 

l.VI 

N. 

Cadmium  sulfate 

aCd80€-8HjO 

770 

i\\ 

0  G  N. 

<  Skloilim  rllliiriilr 

CaCl,  ■  6U,0 

219 

no 

Batd. 

Calcium  Itllfata 

(    :<-<>.  -211,0 

172 

3  B 

('In  ■, ,  mi  '-.iluin. 

KCriSO,.!,  •  1211,0. 

I1  Ml 

62 

0.5  X. 

Cobalt  nitrate 

Co(NO,),  •  6H,0 . 

201 

50 

ir0co 

N. 

Copper  sulfate 

CuSC -311,0 

960 

125 

Fad,   r.n.o 

Fc(NO,)i  •  9rL-0       . 

270 

404 

90 
135 

N  • 

N. 

Ferric  nitrate 

Lead  acetate 

PbtCU.O,').  -SILO 

.;7'i 

190 

N. 

Magnesium  nilfate. 

MgSO,  •  711, 0 

247 

123 

N. 

Manganese  sulfate  . 

Mi. SO,  -4H.O.     ..    . 

an 

M 

0.5  N. 

Merouric  ohloride  . . 

HgCl,     . 

272 

27 

0.2  NT, 

Marouroua  nltrata 

IIK,(XO,),-2H.O 
NiSO,  •  TIl-O 

set 

280 

V 

Niekcl  aulfufe 

2S1 

70 

0.5  N. 

Potassium  Wohromate,  . 

K   '•:'",      

SM 

4fl 

N-t 

Potaaaiun  tthromate 

K  frO, 

ISM 

301 

3N  * 

Potassium  cyanide 

KCN 

ftfl 

65 

N 

Potassium  f<'rrn-v..iii<l<- 

e(CN)J... 

K.IFc(C\),)  -3H;<i 

sao 

110 

X  • 

Potassium  ferroeyanlda 

VJ'J 

10s 

V" 

Pota**ium  iodi'li- 

Kl 

Ififi 

17 

0  1  X. 

I  -i  ■  taiom  nil  rite 

KNO. 

ss 

988 

3X. 

Potaaaiun  oxalate, 

&c*o«-HrO 

m 

27« 

8  \. 

miiiii  IxrmanKuriHtc 

KMnO, 

158 

10 

0  3  N.f 

:  dun  thiocyanata 

KCNS 

97 

97 

N. 

Bilvei  nitrate 

AgXO, 

170 

17 

0  1  N. 

Sodium  acetate 

II.O,  •  .111  (i 

188 

06 

X. 

Siiiliiini  tinenilr 

\:i\h(  >: 

180 

ISO 

V 

Soiliiiiu  lin.niidc 

NaBr  -211,0  n  NaUr 

or  103 

00  or  61 

0  5N. 

Bodi  inn  <-»rbonulr 

NawCOi 

106 

ISA 

a  N 

Sodium  hypochlorite 

NaCIO 

71 

37 

N.t 

Bodilflfl  nitrite. 

NaNOi 

f>9 

207 

3  N.|| 

Sodium  phosphate 

Na,HPO,  •  1211, 0 

3H 

llfl 

X. 

Siiiliimi  sulfate 

Na,SO.  •  10II.O 

322 

160 

N. 

Sodium  thloaulfate 

o    ..n.<> 

248 

124 

0  5N.J 

I'ruinl  •aetata. 

KMCILO,},  -2H,0.. 

424 

21 

0.1  N. 

V.    BnCUli  Pr..u;rvr 

a 

( 'hloroplatinir  nricl:    Dirwolve  26.5  Rins.  H,|PtCl»]  • 

6  HrO  (eorresposKtbig 

0  10  gran. 

Pi)  in  100 00.  water 

Kther  ftaturntrd  with  HC1:   Saturate  anhydrous  etl 

cr>t  0°  with  do  9C9 

BSH. 

1  iiinctlivlglvoxime:  Dissol 

■•••  13  [,  nf  tin-  nolid  in  1 
t  A-  oxidising  agent. 

iter  of  05  per  cent  eth 
j  Ah  radueing 

f]  alcohol 

,'iK''lit. 

*  Aj  precipitant 

i  Thi*  reagent  must  1*  frw;  from  sulf 

||  In  enw  the  salt  contains  dhloffdfi  mix  with  I 

jmt  cent  of  i'~  vobn 

■   .,!'    ..Iv.-i 

nitrate  and  filter  after  shaking.    Not*  OB  the  label  t 

h:ii  the  reagent  con  tail 

is  AgNO,. 
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sulfate.  2  N :  Dissolve  280  urns.  FeSO,  •  7HiO  iu  6  N  sulfuric  mid  and  keep 

in  onit.-ii'i   v.  illi  ii. .ii  n:ii|. 

Hydrogen  peroxide*.  3  |>e.r  cent. 

Magnesium  ammonium  chloride.  N  iii  MgClj:  Dissolve  100  gins.  MgClj  -till/)  and 
100  gins.  NHtn  in  w»ti*r,  mJd  50  cc.  1.5-nornift]  NHiOH  iiml  ililuir  In  I  liter. 

M&giaiitiutn  iinuii'iiiiiini   nitrate,    1- normal   in    Mg(NOi)>,  3-normal  m  i looiun 

nitrate.     Dissolve  130  g.  of  Mg(NOi),  •  OHrO  and  210  g.  Nil.NOi  in  water,  add 
35  cc.  of  6-normal  NH<NO>  and  dilute  to  1  liter. 

Potassium  mcrruric  iodide,  0.6  normal  in  K,IIgl,:  Dissolve  115  gms.  Hgli  and  80 
gins.  KI  in  enough  water  to  make  the  volume  500  cc;  add  500  cc.  6-normal 
NaOH  and  decant  the  solution  from  tiny  precipitate  that  lnuy  form  on  standing. 
The  stock  solution  should  lie  kept  in  the  dark.  For  sensitive  work  the  water 
used,  as  well  an  the  solids,  must  be  alieolutely  free  from  ammonia. 

I'.'>tns2iiujii  pyruuntimuiiuie:  Add  22  Kins,  of  the  l»eat  commercial  aalt  to  1  lit«r  of 
boUiO|  water,  ixnl  until  marly  all  the  salt  has  dissolved,  cool  quickly,  add  35 
ec.  of  10  per  cent  KOH  solution,  and  filter  after  standing  over  night. 

Sodium  cobaltini  trite;  Dissolve  230  urns.  NaNOi  in  500  cc.  water,  add  155  cc. 
6-normal  HCjH.O,  and  30  cms.  Co(NOi).  -6H3O.  Let  the  mixture  stand  over 
ni>;Iit,  filter  and  dilute  to  1  liter. 

Sodium  sulfide,  3-normal  in  NaiS,  1-normal  in  NasSj  and  1-nnrmal  in  NaOH.  Dis- 
solve -180  g.  of  NaiS  •  0H,O  and  40  g-  of  N'aOH  iu  water,  add  16  g.  of  sulfur 
shake-  until  the  H  w  all  dissolved  :unl  dilute  to  1  liter 

Stannous  chloride,  1-normal:  Dissolve  ll.i  gms.  SnCl»'2H-0  in  170  cc.  12-normal, 
H>  I.  dilute  to  1  liter  and  keep  in  bottles  containing  a  strip  of  pure  tin. 

Starch  and  potassium  iodide:  Rub  20  gnus  soluble  -i;.ivii  in  a  thin  paste  with  a 
little  water  in  a  mortar  and  pour  the  paste  into  I  liter  of  boiling  water.  Boil 
five  minutes  and  filter  through  a  loose  plug  of  cotton  irooJ.  Add  10  gms.  KI 
and  .1  cc.  chloroform  to  the  filtrate. 

thiourea:  Dissolve  100  g.  of  the  solid  in  I  liter  of  water. 

Turmeric:   Nliiike  turmeric  powder  with  U~,  per  cent  alcohol  and  filter. 

ITrcu:   Diwolve  200  guai.  urra  in  I  liter  n-normnl  HCI. 


VI.  Saturated  Solittionh 

1000  cc.  water  dtaorrca 

Barium  hydroxide 68  gms.  Ba(OH),  at  20* 

Hruiiime  water 32.6Sgms.Bri 

Calcium  sulfate        Z.6»pa.Csfi0i<2B«0 

Chlorine  water 6.5  gms.  CI* 

Flydrogcn  sulfide 4.2  gms.  HjS 

Lime  water 1.3  gms.  CaO 

Sulfurous  acid 100  gnu.  80s 


Amyl  alcohol 
Carbon  disulfide 
Carbon  tetrachloride 


VII.  Special  Solvents 

Chloroform 

Ethyl  alcohol  (95  per  cent  I 

Methyl  alcohol  (free  from  acetone) 
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VIII.  Solid  Reagent* 


Absorbent  cotton 

Aluminium  turnings 

Ammonium  chloride1.  NH»<  ■  I 

Ammonium  nitrate,  NH4NO1 

Barium  carbonate.  BaCO, 

Ilisiiiulli  dioxide,  muy  be  iiwd  in  plan    of 

sodium  liismuthaU1 
Borax.  Na,B.O;  10  HA) 
Boric  acid.  HJJO, 
(  :ilniim  chloride  (anhydrous) 
Calcium  0 
Calcium  phosphate 
Chloride  of  lime.  CaOCI  ■  CI 
Copper  wire  or  turnings 
Ferrous  Biilfate.  FeSO,  •  7  HiO 

I'lTliai-    -nihil..',    I'VS 

Iron  nailn.  Fe 

Iron  powder 

Lead  (finely  grttmiuitcd)  pj, 

Ia*u\  .1i<.\-ii|[-  . fi-i-i-  in. m  M11).  PbOt 

Litmus  paper,  blue 

l.iiinuB  paper,  red 

Paraffin 

Potassium  acid  sulfate  (fused).  KHSO« 


Potiuwium  curlionntr.  K1CO1 
Potn-v-ium  1-lihinit.e,  KClOi 
Potassium  .liil.n.nii.t.-.  K,CrtO> 
Potassium  forxicynnidc,  K*Fc(CN)i 
Potassium  iodide,  KI 
Potassium  nitrate,  KNO> 
Quart*  powder 
Silica  (precipitated),  Sid 

Silver  carbonate 

Silver  sulfate.  AfoSO* 
Sodium  in  .1  itf,  NaC,HA 
Sodium  ammonium  phosphate  (micro- 
cosmic  salt),  NaNli.llPO,  -4H/) 
Sodium  bismuthatc,  NaitiOj 
Sodium  carbonate.  N&1CO1 

Soilium  |n  n  .N  nil-.    Miij<  'j 

Sixliiuu  iiiti'npruBsiate. 

Nn,[Fc(CN)J  ■  NO  •  2  H^) 
Sodium  .tuiriile,  Na»S-9lM> 

Sidium  twbvbancU  Cms  Bomx) 

SUrcli.  (CJI,rf>i)« 

Tartaric  sen).  H,CH.O, 

Tin  (mossy) 

Zinc  (finely  granulated) 


Itf  termination  of  th*  Vpn*»»iiy>n«»**  of  Rnarlian* 

The  more  sensitive  a  reaction  is,  the  smaller  will  l>e  the  amount 
of  the  substance  which  can  be  detected  in  a  given  volume,  in  a  definite 
lime,  with  tin-  reagent  in  question.  Let  us  assume  that  the  amount 
of  substance  taken  is  dissolved  in  100  cc.  of  liquid,  the  time  allowed 
to  be  two  or  three  minutes,  and  the  limit  of  sensitiveness  to  be  the 
smallest  amount  of  substance  which  can  be  detected  under  these  con- 
ditions. 

A  few  examples  will  make  the  method  clear: 

Magnesium  salts  are  precipitated  by  means  of  sodium  phosphate, 
in  the  presence  of  ammonium  chloride  and  ammonia,  in  the  form  of 
magnesium  ammonium  phosphate.  What  is  the  sensitiveness  of  t  his 
reaction?  We  take  1  cc.  of  out  normal  magnesium  sulfate  solution, 
add  three  drops  of  ammonium  chloride  solution,  and  two  or  three 
drops  of  ammonia  and  sodium  phosphate  solutions;  the  characteristic 
white  precipitate  is  formed  ii n mediately.  We  dilute,  now,  the  BOR&fi] 
solution  of  magnesium  sulphate  ten  times,  and  repeat  the  experiment 
with  1  cc.  of  the  diluted  solution.     The  result  will  be  — 
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I  ec.  of  N. 
1  oc.       N/10 
1  . .         \   100 
I  cc       N/1000 


Mg  solution.  100  cc.  -  1.2 

Mr       "         100  or.  =  0.12 

Mg       "         100  cc.  -  0.01 :' 

Mg       "         100  cc.  =  0.0(112 


i  oc.     n:  10000  Mg 


100  cc.  =  0.01  Ml-' 


Mg.  reacts  immediately. 
Bid     ■ 

Mg.     " 

Mr,       "      after  a  fevr  seconds 

Mb,      "     after  one  or  two 

iniiiiiii-- 


If.  therefore,  100  cc.  of  a  solution  contain  0.00012  gm.  Mg,  the 
magnesium  can  bo  detected  within  one  or  two  minutes.  Should  the 
detection  of  smaller  amounts  be  desired,  the  solution  must  be  con- 
centrated by  evaporation. 

This  reaction  can  be  called  very  sensitive.  The  following  potassium 
reactions  are  much  less  delicate: 

(a)  Reaction  with  Chloroplatinic  Acid  (page  82) 

1  cc.  of  0.2  N  KCI  solution,  100  cc.  =  0.78  gm.  K,  reacts  with  a  drop 
of  HiPtCU  immediately. 

1  cc  of  0.02  N"  KCI  solution,  100  cc.  =  0.078  gm.  K,  does  not  cause 
precipitation  within  three  minutes. 

I  cc.  of  0.04  N  KCI  solution,  100  cc.  =  0.156  gm.  K,  docs  not  cause 
precipitation  within  three  minutes;  but  does,  however,  on  addition  of 
two  drops  of  alcohol. 

1  oc.  of  0.06  N  KCI  solution,  100  cc.  =  0.234  gm.  K,  reacts  irame- 
•  lately  on  stirring. 

The  sensitiveness  of  the  reaction  lies,  therefore,  between  0.1  ">ti  and 
0.234  pa.  K  par  100  cc.  In  order  to  detect  smaller  amounts  of  potas- 
sium than  0.150-0.231  gm.  per  100  cc,  the  solution  must  be  concen- 
trated by  evaporation. 

(6)  Reaction  with   Tartaric  Acid  (page  83) 

1  cc.  of  0.2  N  KCI  solution,  100  cc  =  0.78  gm.  K,  reacts  immedi- 
ately with  two  drops  of  sodium  acetate  and  two  drops  of  a  concentrated 
solution  of  tartaric  acid. 

1  cc.  of  0.02  N  KCI  solution,  100  cc.  =  0.078  gm.  K,  reacts  after 
one  to  two  minutes  with  vigorous  shaking. 

This  can  be  taken  as  the  limit  of  sensitiveness. 

If  the  beginner  will  test  the  delicacy  of  reactions  in  this  way,  he 
will  quickly  get  a  clear  insight,  into  the  solubility  rehtJOM  of  I  lie 
different  salts. 

Probably  the  quickest  way  of  learning  these  relations  is  to  analyze 
first  of  all  solutions  known  to  contain  an  equal  quantity  of  each  con- 
stituent of  a  given  group.  It  is  well  for  the  beginner  to  start  with  100 
cc.  of  solution  and  0.1)2  gram  of  each  dissolved  cation  or  union. 
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When  the  sensitiveness  of  the  reactions  is  known,  qualitative 
tests  are  often  the  most  accurate  methods  for  estimating  small  quanti- 
ties of  substances.  Thus  it  is  possible  to  detect  very  small  quantities 
of  titanium  by  means  of  the  hydrogen  peroxide  test,  and  the  most 
accurate  method  for  determining  such  small  quantities  is  to  compare 
the  intensity  of  the  color  change  with  that  produced  in  a  series  of 
solutions  containing  known  quantities  of  titanium. 


PART  II.    REACTIONS   OF  THE  METALS 
(CATIONS) 

The  separation  of  the  metals  into  groups  (cf.  p.  70)  is  based  upon 
the  varying  solubilities  of  the  chlorides,  sulfides,  hydroxides  and  car- 
ixjiiaies.  In  general,  the  mstaJa  ramorod  Sral  in  Ids  Reborns  of  analysis 
are  those  which  form  the  smallest  number  of  soluble  salts  and  the  metals 
tested  for  last  are  those  which  form  the  largest  number  of  soluble  salts. 
In  qualitative  analysis,  the  relatively  insoluble  salts  are  of  chief 
interest  ami  it  is,  therefore,  simplest  to  begin  the  stud;,  of  tin  subject 
with  that  group  of  metals  which  is  tested  for  last.  Compounds  con- 
tainiiiK  these  metals  ure  very  common  and  are  u«m1  to  some  extent  in 
the  separation  and  identification  of  the  metals  of  the  other  groups.  A 
knowledge  of  the  characteristic  reactions  of  such  compounds  is  neces- 
sary in  order  to  understand  the  chemistry  involved  in  the  analysis  of 
the  other  groups,  and  this  furnishes  another  important  reason  for 
taking  up  the  study  in  the  reverse  order  to  that  in  which  the  analysis 
is  usually  carried  out.  In  this  part  of  the  book  only  the  reactions  of 
rli.  more  common  elements  will  be  considered.  The  rare  elements, 
such  as  lithium,  cesium  and  rubidium  of  the  alkali  group,  will  be  con- 
sidered in  Part  V. 


. 


CROUP  V.    THE  ALKALI   GROUP 


Potassium,  K;  Sodium,  N«;  and  ammonium,  NEU 

The  metals  potassium  and  soilium  are  the  most  reactive  of  all  the 
common  positive  elements  (cf.  p.  41).  They  oxidize  very  rapidly  whso 
exposed  to  the  air  anil  decompose  water  at  ordinary  temperatures;  the 
hydrogen  of  water  is  reduced  to  the  gaseous  condition  and  the  metal 
is  oxidized  to  alkali  hydroxide  in  equilibrium  with  alkali  cations  and 
hydroxyl  anions.  On  account  of  the  extent  of  the  ionization  (cf.  p.  10) 
the  alkali  hydroxideH  form  very  strong  bases.  The  solid  hydroxides 
an-  the  most  stable  of  all  hydroxides;  they  do  not  break  down  into 
oxide  and  water  even  on  being  melted.  The  pure  oxides  are  difficult 
to  prepare;  cautious  heating  of  the  metals  in  air  results  in  the  forma- 
tion of  considerable  peroxide  as  well  as  oxide. 

Ammonium  is  classed  with  the  alkali  metals  because  the  solubility 
of  ammonium  salts  is  similar  to  that  of  potassium  salts.     The  ammo- 
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crfum  radical  differs  from  the  alkali  metals  in  being  capable  of  oxidation, 
the  usual  product  of  the  oxidation  being  nitrogen  gas.  Ammonium 
hydroxide  us  a  much  weaker  ban  than  the  other  hydroxides,  and  the 
salts  are  either  volatile  or  are  decomposed  on  being  heated.  The  salts 
of  potassium,  sodium  and  ammonium  arc  colorless  for  the  most  part, 
and  readily  soluble  in  rater.  Of  these  salts  the  i  arbnnates,  the  tertiary 
and  secondary  phosphates,  the  cyanides,  and  the  borates  react  alkaline 
in  aqueous  solution  (hydrolysis).  The  salts  of  the  alkalies  are  more  or 
less  volatile  and  impart  to  the  non-luminous  flame  characteristic  colore. 
fflieil  a  solid  is  involved,  either  as  initial  substance  or  as  finul  product, 
in  any  of  the  characteristic  reactions  of  this  and  the  following  groups, 
it  will  be  designated  usually  by  bold-faced  type;  in  the  equation.  The 
formation  of  a  gas  will  usually  be  indicated  by  placing  an  arrow  after 
i  ha  symbol  in  an  equation. 

POTASSIUM,  K.    At.  Wt.  39.10 

Sp.  Gr.  0.87.    M.  Pt.  (Melting-point)  fi2.5°  C. 

Occurrence.  —  Sylvitc  (KC1),  isometric,  and  earnallite  (MgCli. 
Kf'l .  6HjO)  orthorhombic,  occur  at  Staesfurt  in  the  presence  of  halite 
and  anhydrite.  Saltpetre  (KNO»),  orthorhombic  prisms.  Further, 
in  very  many  silicates,  e.g.,  monodinifl  feldspar  (KAlSi,0»),  and  Mus- 
covite (KHiAljSijOi;);  also  in  plants  in  the  form  of  organic  salts, 
which  yield  on  combustion  potassium  carbonate  (potash). 


Reactions  in  the  Wet  Way 

Potassium  forms  very  few  salts  that  are  difficultly  soluble  in  water. 
Thechloroplatiiiatr,  acid  tartrate, eobaltinitrite, and  perchlorate arc  the 
least  soluble,  and  are  consequent  ly  used  in  the  detection  of  potassium. 

1.  Chloroplatinic  Acid,*  H,[ltCUl.  gives  in  concentrated  solutions 
of  the  chloride  a  yellow  precipitate  of  potassium  chloroplatinate, 

PtCV  "  +  2  K+  -» K,IPtCU|. 

wliich  consists  of  small  regular  octahedra  (visible  with  a  magnify- 
ing-glass).  In  case  the  potassium  solution  is  not  very  concentrated, 
no  precipitation  may  appear  at  first ;  but  on  rubbing  the  inside  of  the 
beaker  or  test-tube  with  a  glass  rod  the  formation  of  the  precipitate 
will  be  hastened. 


*  Plntinic  chloride,  PtCl.,  gives  no  precipitate  with  potassium  salts,  or  »t  least 
•  inly  sita  long  standing.  The  above  reagent,  chloroplntinic  acid,  is  a  dibasic  arid 
*nd  w  obtained  by  dissolving  platinum  fa  mjuu  regia.  The  solution  is  prepared  of 
such  strength  that  there  are  10  gn».  of  platinum  In  every  100  cc. 
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This  is  always  the  case  when  a  crystalline  precipitate  is  formed. 
The  solution  is  supersaturated  before  the  precipitate  separates  out, 
and  the  formation  of  crystals  is  hastened  by  the  formation  of  small 
scratches  on  the  sides  of  the  beaker. 

The  behavior  of  the  potassium  chloroplatinatc  on  ignition  is  charac- 
teristic; it  is  decomposed  into  chlorine,  platinum,  and  potassium 
chloride: 

K,[PtCUl  =  2  KCl  -f  Pt  +  2  CI,  t  • 

If  the  products  of  ignition  are  treated  with  water,  and  the  platinum 
filtered  off,  the  filtrate  will  again  give  with  chloroplatinie  add  t lit- 
yellow  crystalline  precipitate  of  Ks|PtCl«].  (Note  difference  from 
ammonium  chlnroplatiuau:.) 

Solubility  of  the  Potassium  ChloropltUinatt.  in  Water. 

100  cc.  of  water  'lis solve  at  0°,  0.70  gm.J  10°,  0.90  gm.;  20*,  1.12 
gms.;  and  at  100*.  5.18  gms.  K-[PtCU]. 

In  a  saturated  KCl  solution,  or  in  75  per  cent  alcohol,  the  pre- 
cipitate is  practically  insoluble. 

For  this  reaction  it  is  best  to  use  the  chloride.  The  addition  of 
chloroplatinie  acid  to  potassium  iodide  solution  causes  a  deep-reddish- 
brown  color  due  to  ihe  BOOTOSiOQ  of  [PtCI»]-"  into  [Ptla]--  ion, 
of  which  the  potassium  salt  is  more  soluble: 

[PtCUj-  "  +  6  I"  -*  (PtU]-"  +  6  cr. 

Similarly,  potassium  cyanide  is  not  precipitated  by  chloroplatinie 
acid,  owing  to  the  formation  of  complex  platinum-cyanogen  com- 
pounds. 

To  test  an  iodide  or  cyanide  for  potassium,  the  salt  should  first  be 
changed  to  chloride  by  evaporation  with  concentrated  hydrochloric 
acid. 

2  Tartaric  Acid,  HtC4H«Og,  produces,  in  not  too  dilute  neutral 
solutions  of  potassium  salts,  a  white  crystalline  precipitate  of  potas- 
sium acid  tartrate  (orthorhombic,  hemihcdral) : 

K+  +  HrOHA  -.KHCJ3.0.  +  H+. 

Rubbing  the  inside  walls  of  the  dish  will   hasten  the  formation  of 

precipitate. 
Potassium  acid  tartrate  is  readily  soluble  in  mineral  acids,  but 
iltly  soluble  in  acetic  acid  and  water;    100  cc.  of  water  at  10°  G 
dissolve  0.425  gm.  of  this  salt.     If  sodium  acetate  is  added  to  the 
solution,  the  hydrogen  ions  set  free  by  the  above  reaction  will  unite 
with  the  acetate  ions  to  form  non-ionized  acetic  acid  (cf.  p.  47): 
H+-r-e»H»<V  — HCHiOj, 
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whereby  the  reaction  is  made  much  more  sensitive.  Too  much  sodium 
acetate,  however,  exerts  a  solvent  action  UpQO  the  potassium  acid  tar- 
trate. In  the  presence  of  considerable  sodium  acetate,  acetic  acid  is 
ionized  to  such  a  slight  extent  that  the  hydrogen  ions  from  HC«H«Ot 
disappear  and,  as  a  result,  the  potassium  acid  tartrate  dissolves.  Neu- 
tralization with  caustic  alkali  is  even  less  satisfactory ;  soluble  alkali 
tartrate  is  formed: 

KHC«H«0«  +  OH"  —  K+  +  C,H,(V  -  +  H,0. 
On  igniting  potassium  acid  tartrate,  empyreumatic-  vapors  (ftmelliog 
like  burnt  sugar)  are  given  off  and  a  mixture  of  carton  arid  potassium 
carbonate  is  left  behind.  If  the  mass  is  now  moistened  with  hydro- 
chloric acid,  it  will  froth  strongly.  This  behavior  is  characteristic  not 
only  of  potassium  tartrate,  but  is  common  to  all  alkali  salln  of  organic 
acids.  On  ignition  they  are  changed  into  carbonates,  and  when  the  acid 
is  non-volatile,  carbonization  takes  place;  but  with  volatile  acids  there 
is  at  the  moat  only  a  alight  carbonization.  With  many  metals  the  car- 
bonate is  not  left  unchanged;  frequently  it  is  broken  up  into  carbon 
dioxide  and  oxide  of  the  metal ;  in  the  case  of  salts  of  organic  acids  with 
reducible  metals,  the  metal  itself  is  left  with  the  carbon.  Thus  sodium 
acetate  will  yield  sodium  carbonate  and  acetone,  with  only  a  slight 
carbonization: 

2  CH.CO  •  ONa  =  Na,CO>  +  CBUCOCH,. 

Acvleue  (colorlaa 

vi>l*i ill  hi|iinl. 

burin  witli 
luimnoiM  fl»m») 

On  gentle  ignition,  calcium  oxalate  yields  calcium  carbonate  and  car- 
ton monoxide;    the  lutter  burns  with  a  blue  llainc 

CaCO«  =  CaCO,  +  CO  J  . 

On  strong  ignition,  the  calcium  carbonate  is  decomposed  into  calcium 
oxide  and  carton  dioxide: 

CaC03->CaO  +  CO,  |. 
Tartrates  of  lend,  iron,  and  many  other  metals  on  being  ignited  yield 
carton  and  metal. 

3.  Bismuth-Sodium  Thiosulphate  (Carnot's  •  reaction).  —  If  one 
drop  of  half-normal  bismuth  nitrate  solution  is  mixed  with  two  or  three 
drops  of  half-normal  thtosulfate  solution  and  10-15  cc.  of  absolute 
alcohol  (any  turbidity  being  removed  by  the  careful  addition  of  a  very 
little  water),  a  sensitive  reagent  for  potassium  ions  is  prepared  in  which 
the  bismuth  is  present  in  a  complex  anion : 

Bi+++  +  3  S»Or~  -*  Bi(S^),)r  "". 
•  Z.  anal.  Chem.  (1897),  512. 


FOTASSrtTM  85 

The  sodium  salt  is  soluble  in  alcohol  but  the  yellow  potassium  salt  is 
not: 

Bi(8sO,),—  "  +  3  K+  —  K,[Bi(S,0,),l. 

The  presence  of  ammonium  chloride  prevents  the  reaction. 

4.  Fluosilicic  Acid,  HjSiF«,  added  in  considerable  excess  to  a  solu- 
tion of  a  potassium  salt,  precipitates  gelatinous  potassium  fluosilicate, 

SiF,—  +  2K+^K,SiF,, 

which  is  difficultly  soluble  in  water  and  dilute  acids  and  insoluble  in 
alcohol.  On  heating,  it  is  decomposed  into  volatile  silicon  fluoride, 
and  potassium  fluoride  remains  behind: 

KaSiFa  =  2KF  +  SiF,t  . 

The  solution  must  not  be  alkaline;   the  fluosilicate  ion  decomposes 
and  silicic  acid  precipitates: 

[SiF,r  "  +  4  OH"  -•  Si(OH),  +  6  F". 

5.  Perchloric  Acid,  HC10«,  precipitates  white,  crystalline  potassium 

pcrchlorate, 

HCIO,  +  K*  -  H+  +  XC10«; 

100  cc.  of  water  at  0°  dissolve  0.07  gm.,  and  at  100°  19.8  gms.  KC10«. 
It  is  so  slightly  soluble  in  97  per  cent  alcohol  that  the  precipitate  ran 
be  obtained  with  less  than  2  mgs.  of  potassium  ions. 

A  dangerous  explosion  is  likely  to  result  if  the  alcoholic  solution  is 
heated. 

6.  Sodium  Cobaltinitrite,  Na3[Co(N()i)«l.  precipitates  yellow  potas- 
Kiuiu-sodium  cobaltinitrite  from  neutral  or  slightly  acid  solution: 

Na>lCo(NO,)«]  +  2  KC1  =  KiNalCo(NO,).]  +  2  NaC'l. 

Ammonium  salts  give  a  similar  precipitate,  but  moderate  amounts  of 
alkaline-earth  elements  or  of  lithium  ami  sodium  do  not  interfere. 
The  test  must  not  be  made  in  alkaline  solution  or  ('o(OH)i  will  be  pre- 
cipitated. The  reagent,  prepared  according  to  the  directions  on  p.  77, 
permits  the  detection  of  0.3  mg.  of  potassium  within  ten  minutes.  If 
the  reagent  is  prepared  according  to  the  following  directions  of  Biil- 
mann,*  as  little  as  0.0009  mg.  potassium  can  be  detected  in  the  presence 
of  4000  equivalents  of  sodium. 

7.  The  reagents  used  in  testing  for  alkaloids,  —  picric  acid  or  sodium 
pierate,  sodium  phosplio-tungstate,  and  phiispho-molybdic  acid,  give 
precipitates  with  potassium  salts.  With  picric  acid  and  phospho- 
molybdic  acid  the  precipitates  are  yellow,  but  the  precipitate  produced 
by  phospho-tungfitic  acid  is  white. 


■  Z.  anal.  CJurm..  89  (1900).  284 
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Dissolve  ISO  gins,  of  sodium  nitrite  in  150  cc.  of  hot  water  and  allow  the  solution 
to  cool  to  al«)ut  40°.  which  will  cause  the  deposition  of  some  Mitiimn  nitrite  crystals. 
Add  .">()  gms.  of  cobalt  nitrate  crystals,  stir  rapidly  and  add  60  cc.  of  CO  per  on! 
acetic  acid  in  small  portions;  stopper  the  flask  tad  ihlkfl  vigorously.  Pass  a  rapid 
stream  0  OUgfa  IBC  liquid  and  Una  allow  it  to  stand  quietly  over  night.     In 

tin-  mormiiK.  BUN  01  Im  town  precipitate  will  be  found  on  the  bottom  of  the 
fliwk  due  to  a  little  potomium  salt  pn-scnt  in  the  sodium  nitrite.  Siphon  off  the 
clear  liquid  through  a  filter  and  odd  to  the  filtrate,  while  nt.irrmg,  about  200  DO  of 
alcohol  in  small  portions;  this  causes  the  precipitation  of  the  groati-r  part  of  the 
dissolved  sodium  cobaltinitritc.  After  several  hour*,  filter  off  the  precipitate  and 
drain  it  as  completely  as  possible  with  the  aid  of  auction.  Wash  the  precipitate 
four  times  with  '25-cc.  portions  of  alcohol  and  twice  with  ether.  Reerystallite  the 
salt  by  dissolving  each  10  gms.  of  solid  in  lfi  cc.  of  water  and  precipitating  with 
.1.1  rr.  nf  ulrohol.  The  dry  suit  keeps  very  well,  but  the  aqueous  solution  decom- 
poses gradually.  To  obtain  the  beet  result*,  the  reagent  should  be  prepared  freshly 
by  dissolving  1  gm.  of  the  salt  in  10  ec.  of  water. 

Reactions  in   the  Dry  Way 

Potassium  compounds  color  the  non-luminous  flame  violet.  The 
presence  of  very  small  amounts  of  sodium  obscures  the  violet  color, 
but  if  the  flame  is  viewed  through  cobalt  glass  or  indigo  solution,  the 
red  dish-violet  potassium  raj's  pass  through,  while  the  yellow  sodium 
rays  are  completely  absorbed. 

Flame  Spectrum.  —  Potassium  gives  a  characteristic  flame  spec- 
trum. A  double  red  line,  769.9  nu  and  700.5  mm  (appearing  as  a  single 
line  with  weaker  disjiersion),  and  a  faint  violet  line,  404.4  mMj  appear 
at  comparatively  low  temperatures.  With  a  hotter  flame,  other 
lines  are  visible  in  the  yellow,  583.2  «i;  580.2  mm  and  578.2  iifi,  and  in 
the  green,  535.1  mm  and  511.3  mi  (see  chart,  Frontispiece)- 

Gooch  and  Hart  *  were  able  to  detect  0.001  ing.  of  pure  potassium 
;i-  rhlnridi'  in  11.02  it.  u.'it.T,  bill  llir  | hcsciiit  uf  one  hundred  linn's 
as  much  sodium  caused  the  potassium  lines  to  disappear  unless  the 
sodium  rays  were  deflected  from  the  field. 

Sodium,  Na.    At.  Wt.  23.00 

8p.  Or.  0.97.     M .  Pt.  96.6°  C. 

Occurrence.  —  8odium  occurs  very  extensively  in  nature.  Its  most- 
important  mineral  is  halite,  or  rock  salt  (NaCl),  isometric  system. 
Halite  is  found  in  very  large  deposits,  often  quite  pure,  but  usually 
contaminated  with  clay,  anhydrite,  and  gypsum.  Dissolved  sodium 
chloride  is  present  in  large  amounts  in  the  ocean,  and  in  many  salt 

•  Z.  anal.  Chem..  38  (1897).  390. 
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spring*.  Sodium  Also  MOON  in  nature  in  the  form  of  carbon- 
ate, as  theruionatritc  (Na«C(VHiO),  orthorhorabic;  natron  or 
eoda  (Na»COj- 10  HiO),  monoclone;  trona  (Na«COi  •  NaHCCV  2  H,0), 
iiiimoi  Iiiiu •;  as  nitrate  in  Chili  saltpetre,  or  soda  nitre  (NaNO»), 
hexagonal,  rhombohedral;  as  cryolite  (NaiAlFa),  triclinic;  in  many 
silicates  as  albite  (NaAlSi30»),  triclinic;  and  as  tinkal,  Iwrax 
<Na,B«(V  10  H,0),  monoclinic. 

Reactions  in   the  Wet   Way 

1.  Potassium  Pyroantimonate,*  KsH5SI)iOt,  produces  in  neutral 
or  weakly  alkaline  solutions  of  sodium  salts  a  heavy,  white,  crystalline 
precipitate,  which  is  formed  more  quickly  by  rubbing  the  inside  walls 
of  the  vessel  with  a  glass  rod: 

KilliSbiO,  +  2  NaCI  m  Na2H,Sb207  +  2  KC1. 

The  test  must  not  be  made  in  an  acid  solution,  for  in  that  case 
an  amorphous  precipitate  of  pyroantimonic  acid  will  be  formed: 
K,H,Sb,0;  +  2  HCl  -  HiStfeOT  +  2  KC1. 

Ammonium  salts  of  strong  acids  also  give  an  amorphous  precipitate 
of  pyroantimonic  arid  on  Standing;  this  is  due  to  the  hydrolysis  of 
the  ammonium  salt  whereby  the  solution  becomes  slightly  acid. 
Furthermore,  no  other  nn-tals  than  the  alkalies  should  be  present, 
because  they  also  cause  precipitates  —  amorphous  ones  for  the  most 

part. 

2.  Tartaric  Acid  and  Chloroplatinic  Acid  do  not  precipitate  sodium 
salts,  the  sodium  salts  of  these  acids  being  soluble  in  alcohol  as  well  as 
in  water.  (Note  difference  from  potassium.)  Sodium  chloroplatinutc 
is  orange  in  color. 

3.  Hydrochloric  Acid  and  Alcohol  precipitate  sodium  chloride. 
Sodium  chloride  is  prepared  pure  for  chemical  purposes  by  passing 
hydrogen  chloride  gas  into  the  saturated  aqueous  solution  of  the  salt 
and  expelling  the  moisture  and  hydrochloric  add  from  the  crystals 
bg  heating  them.  If  dry  hydrogen  chloride  is  passed  into  an  alcoholic 
solution  of  a  sodium  salt,  less  than  1  nig.  of  sodium  will  remain  in 
solution. 

Sodium  Peroxide,  NaaOi 

This  substance,  which  is  now  used  commercially  on  account  of  its 
energetic  oxidizing  power,  is  obtained  as  a  heavy,  yellow  powder,  In- 
huming dry  sodium  in  the  air.  It  «hows  the  following  characteristic 
reactions: 


For  the  prcpnrstion  of  thw  reagent  sec  page  77  and  under  Antimony. 
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Behavior  toward  Water.  —  If  a  little  water  is  added  in  some  of  this 
substance  in  a  test-tube,  considerable  beat  is  evolved  ami  oxygen  gas 
is  liberated  (sufficient  to  ignite  a  glowing  splinter*).     Water  decom- 
poses the  sodium  peroxide,  according  to  the  equation 
Na,0,  +  2  H,0  =  4  NaOH  +  11,0,. 

But  on  nccount  of  the  heat  of  the  reaction  n  part  of  the  hydrogen  per- 
oxide is  decomposed  into  water  and  oxygen,  2  HsO,  -»2  HsO  -f  Oj  T  • 

If  the  solution  is  kept  cold,  which  can  be  done  by  throwing  the 
sodium  peroxide  i"  small  portions  into  ice-water,  it  will  dissolve  with 
scarcely  any  evolution  of  oxygen,  to  a  clear,  strongly  alkaline  liquid, 
which  gives,  as  before,  all  the  reactions  of  hydrogen  peroxide. 

If  some  sodium  peroxide  is  placed  on  a  watch-glass  under  a  bell- 
jar  and  near  an  evaporating-dish  containing  water,  the  sodium  per- 
oxide in  twelve  hours  will  completely  change  over  to  n  pure  white 
hydrate  (NajOj- 8  HjO),  which  will  dissolve  in  water  without  deoom* 
position  at  the  ordinary  temperature.  By  standing  in  a  desiccator 
over  sulfuric  acid,  the  octohydrate  iR  changed  to  NajO, -211,0. 

Hrartlon*  of  llytlrog+n  Prrttxltir 
(a)   In   Acid  Solution 

If  the  solution  obtained  by  the  action  of  water  on  sodium  per- 
oxide is  used  for  these  tests,  it  must  be  acidified  with  dilute  sulfuric 
acid,  care  being  taken  to  keep  the  solution  000L 

1.  Titanium  Sulfate  gives  a  distinct  yellow  color,  caused  by  the 
formation  of  pcrtitanic  a«i.l, 

Ti#  +  H.O,  4-  2  H,0  -»  4  H+  +  H,TiO,. 

This  is  the  mont  delicate  test  for  hydrogen  peroxide.  The  titanium 
sulfate  solution  for  this  reaction  may  bo  prepared  by  fusing  one  part 
n(  I'limiiinial  titanium  dioxide  with  15—20  parts  of  potassium  pyro- 
sulfate  and  dissolving  the  fusion,  after  cooling,  in  cold,  dilute  sulfuric 
;n Mil.  It  may  also  be  prepared  by  heating  titanium  dioxide  with  con- 
centrated sulfuric  acid,  until  a  clear  solution  is  obtained,  cooling  and 
diluting  carefully  with  water. 

The  addition  of  caustic  alkali,  ammonia  or  ammonium  carbonate 
gives  a  yellowish-orange  precipitate  which  redissolves  in  an  excess  of 
the  reagent.     Classen  has  used  this  reaction  as  a  method  for  separating 


•  This  will  sometime*  cause  an  explosion.  Comroereinl  sodium  peroxide  often 
contains  metallic  sodium,  which  with  water  forma  hydrogen:  thus  both  hydrogen 
and  oxygen  nrc  jwt  fre*  at  the  -mine  time,  and  the  glowing  splinter  may  then  enuw 
an  explosion      (Private  communication  from  B.  Constant) 
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titanium  from  ferric  iron.*  Some  chemists  prefer  to  write  the  formula 
of  pert  itanic  Mid  as  Tid  •  Hid,  which  assumes  a  true  peroxide 
structure  instead  of  hcxivalcnt  titanium.  Possibly  a  condition  of 
equilibrium  exists  between  the  two  structures: 


0< 


'Ti 


• 


OH 
OH 


0=  Ti 


0-OH 
0-H 


PI 


2.  Chromic  Acid.  —  If  the  acid  solution  of  hydrogen  peroxide  is 
shaken  with  a  little  ether  (free  from  alcohol)  ami  u  mice  of  potassium 
dichromatc  is  added,  after  which  the  mixture  is  again  shaken,  the 
upper  layer  of  ethereal  solution  will  be  colored  a  beautiful  blue,  owing 
to  the  formation  of  chromium  peroxide  (cf.  p.  18). 

This  teat  is  very  sensitive  and  will  detect  as  little  as  one-tenth 
millijrram  of  H,0i.  In  carrying  out  this  test,  a  blank  test  must  always 
be  tried  with  the  ether  alone,  becau.se  after  standing  in  the  air,  it  is 
likely  to  contain  some  ethyl  peroxide  (CzU»)«Oa,  (?)  which  gives  the 
test.  It  is  possible  to  free  I  hi-  <-lln-r  from  this  peroxide  by  letting  it 
stand  over  night,  in  contact  with  sodium  and  then  redistilling  it. 

3.  Permanganic  Acid  in  acid  solution  will  be  decolorized,  with 
evolution  of  oxygen : 

2  MnOr  +  5  H,d  +  6  H+  -»  2  M  n++  +  8  H,0  +  5  <h  T  • 

Similar  to  the  permanganate,  many  other  oxides  arc  reduced  by 
hydrogen  peroxide,  with  evolution  of  oxygen;  e.g.,  AgaO,  Pb»0«, 
Pbd,  Mnd,  Co,Oj,  etc.: 

Ag,0  4-H,d-H,0-|-dr  +2Ag 

MnO,  +  H,d  +  2  H+  —  Mn~  +  2  Ht0  +  Oi  f 

Co,0,  +  HiO,  +  4  H+  — 2CO++  +  3H,0  +  d  T  • 

4.  Potassium  Ferricyanide  and  Ferric  Chloride.  —  If  a  trace  of 
potassium  ferricyanide  is  added  to  a  very  dilute  and  nearly  neutral 
solution  of  ferric  chloride,  so  that  the  solution  appears  a  distinct 
yellow,  and  a  nearly  neutral  solution  of  hydrogen  peroxide  is  then 
added,  the  mixture  will  soon  assume  a  green  tint,  and  finally,  on  stand- 
ing, Prussian  blue  will  separate  out.  The  potassium  ferricyanide  is 
reduced  by  the  hydrogen  peroxide  to  potassium  fcrrocyanide,  which 
forms  Prussian  blue  with  the  ferric  chloride. 


•  Bet.  SI  (1W»).  370. 


2|Fc(CN)|, 


+  H,d  -  2  [  FefCN),]"  +  d  T  +  2  H+ 


3  [Fe(CN)«]"  +  4  Fe*-*+  -  Fe4lFe(CN),p. 
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According  to  Sehonbein,  as  little  a*  0.02  mg.  HjOj  per  liter  may  be 
detected  by  this  reaction.  As  many  other  substances  (SnCl,,  SO,, 
ill .)  will  reduce  potassium  fcrri  cyanide  to  potassium  ferrocyanide, 
this  reaction  .-ilonfl  is  not  always  a  reliable  test. 

5.  Starch  Paste  and  Potassium  Iodide.  —  If  to  an  acid  solution 
containing  starch  paste  and  potassium  iodide  some  hydrogen  peroxide 
is  added,  a  blue  color  will  at  once  appear: 

2KI  +  H,0,  =2KOH  +  Is. 

By  means  of  this  reaction,  0.05  mg.  per  liter  of  hydrogen  peroxide  may 
be  detected. 

(6)  In  Alkaline  Solution 

1.  Gold  Chloride  by  means  of  hydrogen  peroxide  at  ordinary  tem- 
peratures will  be  reduced  to  metal,  with  evolution  of  oxygen.  The 
gold  usually  separates  in  a  very  finely  divided  state,  and  appears  brown 
by  reflected  light  and  greenish  blue  by  transmitted  light: 

2  Au+++  -f  3H,0,  4-  60H~  ->2Au  +  6H,0  +  3  O,  f  . 

If  very  dilute  gold  solutions  are  uBed,  the  metal  sometimes  separates 
out  in  the  form  of  a  yellowish  film  adhering  to  the  sides  of  the  test-tube. 

2.  Salts  of  Manganese  and  Cobalt  give  dark-colored  precipitates: 

Mn++  +  2  OH-  +  H,0»  -*  H,0  +  MnO(OH),; 

Drown 

2  Co++  +  4  OH"  +  HjOj  — 2Co(OH),. 

BUek 

Hypochlorites  give  the  same  reactions  with  manganese  and  cobalt 
salt*,  but  they  do  not  give-  the  reaction  with  gold  chloride. 


Ozone,  Oi 

Ozone  is  always  formed  when  oxygen  is  exposed  to  the  silent  electric 
discharge.  It  is  often  present  in  oxygen  that  has  been  preiHired  nlec- 
trolytically  and,  according  to  Brunck,  is  present  to  some  extent  in  the 
gas  prepared  by  ignition  of  potassium  chlorate.  Ozone  is  a  strong 
oxidising  agent  and  behaves  in  many  respects  like  hydrogen  peroxide, 
with  which  it  is  often  confused.  Ozone  may  be  distinguished  from 
hydrogen  peroxide  as  follows: 

1.  Ozone  does  not  give  a  yellow  coloration  with  titanium  sulfate 
solution. 

2.  Ozone  does  not  cause  precipitation  of  gold  from  its  solutions. 
3-   Ozone  sets  free  iodine  immediately  from  dilute,  neutral  potassium 

iodide  solution. 
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4.  Ozone  liberates  bromine  from  an  acid  solution  of  sodium  bromide. 

5.  Ozone  causes  bright  metallic  silver  at  once  to  assume  a  steel- 
blue  (mi. 

The  sensitiveness  of  this  last  reaction  is  remarkable  if  carried  out 
according  to  the  directions  of  Manchot  and  Kampesehultc.  Heat  a 
bright  piece  of  silver  foil  to  about  240°  and  Chen  expose  it  to  the  action 
of  ozone;  steel-blue  spots  with  violet  edges  at  once  appear.  This 
reaction  does  not  take  place  with  pure  silver  in  the  cold.  If,  however, 
the  silver  is  polished  by  rubbing  with  emery  paper,  the  reaction  will 
then  take  place  in  the  cold.  Traces  of  iron  oxide  are  left  upon  the 
silver  from  the  emery  and  catalyze  the  reaction.  Other  oxides,  AgjO, 
mO,  Hi=i  >,.  I'b,04,  V,0«,  MnO,,  CuO,  ThO,,  CeO,,  TiO»,  WO,, 
UiOfc  and  to  a  less  degree  MoOj,  HgO,  CaO  and  BaO,  have  a  similar 
effect.  Thus  if  the  silver  is  etched  with  nitric  acid  and  is  then  dried, 
it  will  react  with  ozone  in  the  cold. 

The  principal  reactions  of  sodium  are  the 

Reactions  in  the  Dry  Way 

Sodium  salt  vapors  color  the  non-luminous  gas-flame  a  monochro- 
matic yellow,  which  can  be  readily  distinguished  from  the  yellow  flame 
of  the  gas  in  the  following  way :  If  we  illuminate  an  orange-colored  body 
(such  as  a  stick  of  sealing-wax  or  a  crystal  of  potassium  dichromate) 
with  white  light  (all  glowing  solid  bodies  emit  white  light),  the  ret!  and 
orange  rays  will  be  reflected:  the  body  appears  orange.  If  these  bodies 
are  illuminated  with  the  monochromatic  sodium  light,  they  can  now 
only  reflect  yellow  light:  the  bodies  appear  yellow  (a  delicate  test). 

Flame  Specirum.  —  A  yellow  double  line  (589.6  mm  and  587.0) ,  coin- 
riding  with  the  D-linc  of  the  sun's  spectrum.  This  is  an  extremely 
di  I irate  reaction;  1  X  10-7  mg.  of  sodium  can  be  recognized  in  the 
spectrum. 

AMMONIUM,  NH«.     At.  Wt.  18.04 

Occurrence.  —  In  small  amounts  as  carbonate  and  nitrite  in  the  air; 
as  ammonium  chloride  in  the  fissures  of  active  volcanoes.  Ammo- 
nium derivatives  are  formed  by  the  decay  of  many  organic  substances 
containing  nitrogen:  albumin,  urea,  etc.. 

CO(NH,),  -f  H,0  =  CO,  |  +2  NH,  }  , 

and  in  a  similar  way  by  the  dry  distillation  of  many  nitrogenous  sub- 
stances, such  as  coal,  horn,  hair,  etc. 

Although  ammonium  itself  is  known  only  in  the  form  of  its  amalgam, 
we  are  justified  in  considering  it  as  a  metal,  in  the  first  place  because  the 
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i 'U vtrnlvsis  of  ammonium  salts  causes  the  setting  free  of  the  cation 
NHi+(NHj  +  H+)  tit  the  same  time  that  the*  corresponding  union  in 
act  free;  and,  further,  because  the  ammonium  salts  are  isomorphous 
with  potassium  salts. 

Reactions  in   the  Wet   Way 

I.  Strong  bases,  XaOH,KOH  or  Ca(OH)t,  added  to  an  ammonium 
salt  in  the  presence  of  a  little  water  cause  the  evolution  of  ammonia 
on  heating;  the  gas  can  be  recognized  by  its  odor,  by  fumes  of  am- 
monium chloride  being  formed  when  a  rod  moistened  with  12  N 
hydrochloric  acid  is  placed  in  contact  with  the  vapors,  by  its  turning 
red  litmus  blue;  or  by  the  blackening  of  mercurous  nitrate  paper: 

.HgN 
2  Hgl(NO>)1+4  NH,+HsO  -3  NH«NO,+0  (       }  NHS  •  NO.+2  Hg. 

VHg/ 

Block 

Tbc  reaction  of  strong  htvsw  upon  ammonium  salts  may  be  explained  on  the 
basis  of  the  lnws  nf  chemical  equilibrium.  Ammonia,  Mb,  is  a  gas  which  is  vcrv 
soluble  in  cold  wnt<r  and  insoluble  in  l>oiling  water.  One  volume  of  water  al  0° 
.mid  7fi()  mm.  dissolve*  130(1  volumes  of  the  gas;  at  20°  it  dissolves  710  volume, 
nt  100°  nil  the  gas  0U  lie  expelled,  there  twin);  no  constant  lioiling  mixture  as  in  the 
cauc  of  hydrochloric  acid  (p.  ©0). 

The  solution  of  ammonia  in  water  at  the  laboratory  temperature  is  in  equilibrium 
with  ammonium  hydroxide. 

Nir.OIIiiXH,  +  HA 

and,  for  this  equilibrium,  the  mawwiction  expression  (p.  14)  is 

|XH,|  X  |1M>| 
|NH4OH| 

In  a  dilute  solution  of  ammonia,  the  absolute  quantity  of  water  present  is  not  chunked 
much  as  a  result  "f  tin.-  ■-•!■  ii II I >nn m .  n  that  when  an  Meaner}  BempoodBBi  to 
only  twn  >icmficant  figures  is  desired,  the  IIjO  member  of  this  expression  may  be 
regarded  :is  a  constant  (cf.  p.  50)  :ui<l  tin-  equilibrium  expression  then  l.i  ,  ,,nn 

I  Em  ..'due  of  this  ennstnnt  hal  bean  found  to  l>c  about  2.0  at  20°.  The  iiuitiinmiiiii 
hydroxide,  however,  is  not  only  in  equilibrium  with  ammonia,  but  also  with  ammo- 
nium and  hydroxyl  ions, 

NH,OH»=*NH.+  +OH-f 

and  the  mass-action  expression  of  this  equilibrium  is 

INH.+I  jQH- 
[Nn,OH| 

Moore  *  found  the  value  of  this  constant  to  be  about  5  X  10~'.    By  adding  [^Qg! 
•J.  Chem.  Soc.,  SI  (1907),  1379. 
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to 


d  member  of  equation  (I)  and  ita  equivalent  1  to  tb 
obtain  the  cquution 

[NH,]-r[NH,Oll| 
[MUU11J 


right-tamd 


ksot  +  1  =  *', 


Mill 


[Nll,OH]  = 


lNBUI  -UNrUQUI 


=  k'lnmm  -  A'. 


Inserting  this  value  for  1N1I.OH]  in  fll),  we  have 
IN-H.-t-l  [OH' | 
UNU4OHI  +[NH,] 

The  vidue  of  tins  conataut,  K,  at  18"  is  about  1.8  X  10~\  If  the  concentration*  of 
Ml,  -alt  and  of  the  strong  base  are  known,  it  i*  possible  to  compute  how  much  NHj 
and  NIL.OH  will  be  liberated  by  meanB  of  this  last  constant ,  S. 

The  ammonium  nulls,  unlike  the  free  base,  are  largely  ionined.  When,  UwrstOM, 
an  exceed  of  OH"  is  added  to  the  solution  of  an  ammonium  null,  it  in  necessary,  in 
order  to  establish  equilibrium  between  Nll,+  mid  OH  for  tin-  jin-ater  part  of  the 
NH«+  to  be  converted  into  NII.OII  and  then,  to  r.Mtalihsh  equilibrium  Ix-twcen 
NM4OH  ami  NH,,  about  two-thirds  of  the  NIL.OH  is  changed  into  Nil,.  Bj  MllD| 
the  solution,  the  Nil*  is  expelled  and  the  above-mentioned  states  of  equilibrium  are 
disturbed  and,  a*  the  final  result,  all  of  the  original  ,\  II,*  lui-oines  converted  into 
Nil,  Raw.  Less  than  0.2  nig.  of  ammonium  enn  In*  delected  by  the  litmu*  test  when 
properk  Mlliad  out.  Care  nhould  lx*  taken  not  to  lx>il  the  solution  so  that  MOM  "I 
the  alkaline  liquid  becomes  sputtered  into  the  nostril  or  upon  the  test  pspcr. 

Certain  complex  ammonia  dcrivativea  do  not  always  evolve  aiiiiiioiiiu 


Hi  1  his  test.    When  pure  mercuric  araidochloride,  Hg 


NH, 
CI 


,  ia  heated 


with  caustic  soda  solution,  apart  of  the  nitrogen  is  evolved  as  ammonia, 
but  if  considerable  mercuric  aalt  is  present  the  test  is  not  obtained. 
This  is  because  the  mercuric  amidochloride  itself  is  only  slightly  soluble 
in  water  and,  especially  in  the  presence  of  an  excess  of  mercuric  com- 
pounds,  furnishes  scarcely  any  ammonium  ions.  If  some  potassium 
sulfide  is  added,  however,  the  mercury  is  converted  into  more  insoluble 
mercuric  sulfide  and  the  ammonia  test  is  obtained: 


NH, 
CI 


+  K»S  +  H,0  =  HgS  +  KC1  +  KOH  +  NH,  T  • 


Water  itself  in  some  cases  causes  evolution  of  ammonia  gas. 
decomposes  many  nitrides,  metal  amides  and  cyanamides: 

MgiNs  +  6  HOH  -  3  Mg(OH),  +  2  NH,  | , 

NHiNa  +  HOli  =  NaOH  -f  NHS  T  , 

CaCN,  +  3'HaO  =  CaCO,  +  2 NH, T  (at  high  temperatures). 

("■Jrmm 

cytjimmult 

2.    ChJoroplatinic  Acid  gives  a  yellow  crystalline  precipitate: 
H.lPtCU|  +  2  NH4+  -  (NH^ilPtCUl  +  2  H+. 


It 
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This  salt  may  be  distinguished  from  the  potassium  salt  — 

(a)  by  its  behavior  on  ignition;  platinum  alone  is  left  behind •. 

3(NH,)s[PtCl«|  =2N:|  +2NH,  J  +18HC1T  +3Pt; 

(b)  by  its  behavior  on  treating  with  strong  bases,  whereby  the  smell 
of  ammonia  may  be  detected: 

<NH,),[PtCl»]  +  2  NaOH  =  Na,(PtCl.)  +  2  H,0  +  2  NH,  t  ■ 

3.  Tartaric  Acid  produces,  as  with  potassium,  a  white,  crystalline 
precipitate  of  ammonium  acid  tartrate.  The  addition  of  a  little  milium 
aeatate,  and  rubbing  the  inside  walls  of  the  glass  vessel  with  a  Rtirring- 
rod,  will  hasten  the  formation  of  the  precipitate: 

HjCiH^O,  -f-  NH,+  —  NHJICJ^O,  +  H+. 

The  ammonium  acid  tartrate,  like  the  corresponding  potassium 
salt,  is  soluble  in  alkalies  and  mineral  acids.  It  may  be  distinguished 
from  the  potassium  salt  by  its  behavior  on  ignition,  carbon  alone 
being  left  behind,  and  the  residue  not  effervescing  with  hydrochloric 
acid;  furthermore,  ammonium  acid  tartrate  will  give  off  ammonia  on 
being  heated  with  caustic  soda  solution. 

1.  Sodium  Cobaltinitrite  gives  a  yellow  precipitate  similar  to  that 
produced  with  potassium.  Before  testing  for  potassium  with  this 
reagent,  therefore,  it  is  necessary  to  expel  ammonium  salts  by  evaporat- 
ing the  solution  to  dryness  in  a  porcelain  dish  and  heating  until  no  more 
fumes  are  evolved.  Small  quantities  of  ammonium  salts  can  be  re- 
moved by  boiling  with  a  little  sodium  nitrite  and  acetic  acid: 
NH,+  +  NO,"  -»  N,  1  -f-  2  H,0. 

The  above-mentioned  reactions  are  not  suitable  for  the  detection  of  the  very 
small  amounts  of  ammonia  or  of  ammonium  ion*  that  arc  found  in  drinking-water. 
In  such  enses  Ncssler's  reagent  a  used  (an  alkaline  solution  of  potassium  mercuric 
iodide).     Large  amounts  of  ammonia  produce  a  brown  precipitate, 

2K,HgI,  +  4  OH-  +  NH<+  —  NHgJ  H.0  +  3  11,0  +  4  K+  +  7 1". 

The   precipitate  is   the  iodide  of  the  so-called   M  Won't  bast;   its  structural 

formula  is  prol>abIy  O  NH«  •  I.    The  eorrcniminling  t)laefc  nitrate  ls  formed 

x  Hg' 

in  the  teat  for  ammonia  with  mcrcurous  nitrate  paper.  The  iodide  of  Millon'.t 
base  has  such  a  rcrmirkahlc  coloring  power  that  mere  trace?  of  the  ammonium  ion 
can  be  detected  by  the  yellow  or  brown  color  imparted  to  the  solution.  The  test 
in  obtained  with  ordinary  distilled  water.  Since  ammonia  is  often  present  in  water 
as  a  result  of  its  contact  with  decaying  organic  matter,  the  test  for  ammonia  helps 
to  determine  whether  a  water  is  suitable  for  drinking.  The  teet  is  called  the  Ncarler 
teal,  and  the  alkaline  solution  of  potassium  mercuric  iodide  1.1  called  Hauler's  reopen*. 
Water  free  from  ammonia  should  be  used  in  carrying  out  the  N'retdcr  teat.  Some 
sodium  carbonate  and  a  little  potassium  permanganate  is  added  to  ordinary  dis- 
tilled water,  which  is  then  redistilled,  rejecting  the  first  fourth  lad  latl  sixth  of  the 
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distillate;  the  middle  portion  is  the  so-called  best  waler  of  the  chemical  laboratory. 
n  i  lie  must  accurate  work,  Ncasler'B  reagent  should  be  prepared  with  such  water 
iri  p.  77)  and  tlio  test  should  be  made  in  a  laboratory  from  which  ammonium  fumes 
are  absent. 

To  teat  a  water  for  tlir  pMNDM  of  truce*  of  ammonium  im.-.  the  apparatua 
nhown  in  Pig.  4  may  bo  used.  Kirst  of  all,  the  apparatus  itself  must  be  freed  frocn 
all  traces  of  ammonium  salt,  To  accomplish  this,  place  about  50  cc.  of  wut.-i  m 
the  retort,  add  I  cc.  of  a  boiled,  saturated  solution  of  sodium  carbonate  and  distill 
I  -ili  the  neck  of  the  retort  introduced  well  into  the  condenser  tube.  It  is  idviMbtfl 
not  to  use  a  rubber  connection  between  the  retort  and  the  condenser;  the  condensed 
waler  aurves  to  make  a  sufficiently  Unlit  connection. 


Piq.  4 

Continue  distilling  until  50  cc.  of  the  distill nte  placed  in  a  white  glass  graduate. 
or  in  a  so-called  Ncssler  tube,  and  treated  with  1  cc.  of  K easier  reagent,  will  show  no 
sign  of  color  after  standing  five  minutes.    The  apparatus  is  then  ready  for  the  test. 

Empty  the  retort  and  refill  it  with  600  "  "'*  Um  waisa  to  be  tested,  add  I  re.  of 
the  saturated  sodium  carbonate  solution,  distill  and  collect  the  first  50  cc.  of  dis- 
tillate. If  as  much  os  0.2  mg.  of  unanioniimi  Is  present,  a  distinct  precipitate  forma 
on  adding  1  cc.  of  Neaaler's  solution  and  Itftrlinfi  a  pronounced  yellow  color  iaob- 
WMd  with  much  amaller  f|iiarititii«.  If  mere  tract*  of  ummonium  arc  preaent.  the 
yellow  color  appears  only  on  standing.  By  comparing  the  depth  of  color  with 
that  similarly  produced  with  known  quantities  of  ainrnminini  rhlomle,  a  very  class 
estimate  of  the  exact  quantity  of  ammonium  present  can  !>c  made. 

6.  Picric  acid,  sodium  tunRstate  and  pliospliumolybdw  acid  give 
precipitates  as  with  potassium  ions.  Perchloric  add  and  potassium 
pynm  J  intonate  do  not  give  precipitates. 

7.  Potassium  iodide  and  sodium  hypochlorite  solutions  cause  the 
precipitation  of  black  nitrogen  iodide: 

2  NH«*  +  2  I"  +  2  CIO"  -  NH1,  +  NH,  +  2  Cl~  +  2  H.O. 
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To  make  the  teat,  winch  is  :i  sensitive  one,  the  neutral  or  alkaline 
solution  of  the  ammonium  salt  is  treated  with  a  few  drops  of  10  per 
n  ni  potassium  iodide  and  a  drop  of  saturated  sodium  hypochlorite 
solution. 

8.  Paranitrodiazobenzene  solution  in  the  presence  of  alkali  gives  a 
reddish  yellow,  flocculent  precipitate,  and  the  solution  becomes  yellow 
or  red.  Tin-  rsaotioo  depends  upon  the  formation  of  an  ammonium 
salt  of  p-nitrophenyhiitrosamine.* 

Reaction*  in   the  Dry  Way 

All  ammonium  salts  are  relatively  unstable  compounds,  the  degree 
of  .stability  depending,  in  BBMral.  upon  the  strength  of  the  acid  which 
is  combined  with  the  ammonium.  The  carbonate  decomposes  appre- 
ciably at  ordinary  temperatures  and  when  exposed  to  the  air  gradually 
disappears  as  ammonia,  carbou  dioxide  and  water.  Heating  in  a  closed 
tube  causes  the  decomposition  of  all  ammonium  salts  and  either 
ammonia  Off  BOOM  other  volatile  nitrogen  compound  escapes. 

If  the  acid  is  volatile  at  the  decomposition  temperature,  the  whole 
salt  is  volatilized,  often  without  first  melting,  and  when  the  vnpors 
of  ammonia  and  arid  are  cooled  the  solid  again  forms.  This  explains 
the  ammonium  fumes  that  result  when  ammonium  salts  are  expelled 
from  a  solid  residue  obtained  by  evaporation  of  a  solution,  and  it 
explains  the  sublimate  formed  when  ammonium  chloride  i.-i  heated  in 
a  closed  tube.  The  acids  which  form  salts  that  are  not  volatilized  are 
borir,  phosphoric,  chromic,  molybdic,  tuDgBtk  and  vanadic  acids. 

It  must  l»  n  membered,  however,  that  ammonia  with  its  negative 
\  :!■  nee  of  three  contains  nitrogen  in  its  lowest  state  of  oxidation. 
When  the  decomposition  of  the  original  ammonium  salt  takes  place, 
therefore,  then'  is  often  an  oxidation  of  the  nitrogen.  Thus  the  decom- 
position  of  the  nitrate  results  in  the  formation  of  nitrous  oxide,  N»0, 
and  the  decomposition  of  the  nitrite,  sulfate  and  dichromatc  yields 
nitrogen  gas. 

The  closed  tube  reactions  of  typical  ammonium  compounds  may  be 
expressed  by  the  following  equations: 

NH.Cl^NI^  +  HCl, 

NBUNO,  =  2  HiO  +  N»0, 

NH*NO.  =  2  HiO  +  Nt| 

3  (NH«),SO(  =  Nj  +  4  NHa  +  6  11,0  +  380,, 

(NH/l.CO,  =  2  NH,  +  H,0  +  CO  +  CO,. 

•   Rikoleh.  Chrm.-Zlg.,  21,  Rep.  307. 
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Toward  the  last  some  dieyanogen,  (CN)5,  is  former!  from  the  oxalate. 
NaNH«HPO,  •  4  H,0  =  Nil,  +  6  H,Q  -f  N«PO„ 
.  2  (NHOJO,  =  8  NH,  +  2  H30  -f  2  HPO,, 
(NH,) ..Cr.O,  =  4  H*<)  +  N,  4-  Cr2Os. 

In  this  last  reaction,  the  chromic  oxide  remains  as  a  voluminous  mass 
looking  something  like  green  tea.  A  realistic  volcano  effect  can  he 
obtained  by  making  a  mound  of  ammonium  dichromate  around  a  piece 
of  paper  and  then  setting  fire  to  the  latter. 

Ammonium  salts  do  not  impart  a  characteristic  color  to  the  flame; 
the  border  of  the  flame  is  tinged  slightly  greenish. 

Magnesium,  Mg.    At.  Wt.  24.32 

8p.  dr.  -  175.    M.  Pt.  -  632.6°  C. 

Occurrence.  —  Magnesium  compounds  an-  found  very  abundantly 
in  nature.  The  most  important  minerals  are  magnesite,  MgCO$, 
rbombohedral,  isoiuorphous  with  c&lcitc;  dolomite,  (Ca.Mg)COi; 
hrucite,  Mg(OH)s,  rhnmhohcdnil;  carnallilc,  KMgOl,  +  8  HaO,  oitlio- 
rhombic;  kieserite.  MgS(>4  +  HjO,  monoclinic;  epsomitc,  MgSOi + 
7HjO,  orthorhombic;  spinel,  MgAliO«,  isometric,  isomorphous  with 
magnetite,  Fe*04,  and  with  chromite,  FeCraO*.  Magnesium  also  occurs 
in  a  great  many  silicates.  Thus  almost  all  the  minerals  of  the  olivine 
group  contain  more  or  less  magnesium.  To  this  group  belong  forsterite, 
MgiSiO<:  monti ccll.it c,  CnMgSiO*;  and  olivine,  FeMg8i04;  all  ortho- 
rhombic.  An  important  decomposition  product  of  the  olivine  minerals 
is  serpentine.  Mgjr^SijOj.  Almost  all  the  minerals  of  the  pyroxene- 
amphibolc  group,  which  arc  all  related  to  orthorhombic  custatitc, 
MgSiOi,  contain  magnesium:  augite,  MgAl2SiO«;  hornblende,  an 
isomorphous  mixture|of  Mg»CaSi«Oia  and  2  (MgAhSiOg) ;  and  tremolite, 
< .'aMi^Si^1,.,  nil  three  forming  monoclinic  crystals.  Asbestos  is  a 
variety  of  tremolite  wit  h  very  fine  fibers.  Meerschaum  is  a  magnesium 
Minute  of  the  composition  HiMgaSigCho,  and  is  quite  similar  to  talc 
HiMgjSiiOu,  sometimes  colled  steatite.  Magnesium  also  occurs  in 
the  vegetable  kingdom,  being  an  essential  constituent  of  the  complex 
organic  compound  chlorophyll. 

Properties  of  Maijnesium.  —  Magnesium  is  a  silver-white  metal. 
It  decomposes  water  very  slowly,  forming  an  oxide,  MgO,  which 
is  only  slightly  soluble  in  water,  forming  magnesium  hydroxide;  the 
small  quantity  that  dissolves  is  largely  ionized,  so  that  the  solution  has 
a  faint  alkaline  reaction.  Magnesium  also  burns  in  the  air  giving  a 
dazzling  white  light  and  forming  the  oxide.  Magnesium  reacts  du 
with  nitrogen  at  800°  (*..  forming  magnesium  nitride  (Mg»Ns),  which  is 
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readily  decomposed  by  water,  forming  magnesium  hydroxide  .unl 
ammonia: 

MgJI, +  HHOII  =  3MgtOH),  +  2NH»f  . 

The  salts  of  magnesium  an  almost  all  colorless,  .soluble  in  water 
:iikI  have  a  bitter  taste.  The  solubility  products  of  magnesium 
hydroxide,  carbonate,  phosphate,  arsenate  and  arsenitc  arc  bo  small 
that  these  substances  may  be  regarded  as  insoluble.  The  sulfide, 
which  can  be  prepared  only  in  the  dry  way,  is  completely  decomposed 
by  water  into  hydroxide  and  hydrogen  sulfide  (hydrolysis).  If  an 
aqueous  solution  of  magnesium  chloride  be  evaporated  to  dryness  on 
the  water-bath,  there  is  no  hydrolytic  decomposition,  the  residual  salt, 
MgCb.  -f  6H*0,  dissolves  in  water,  forming  a  perfectly  clear  solution. 
On  heating  the  chloride  OOOtaining  the  water  of  crystallization  to  10o° 
and  higher,  however,  hydrochloric  acid  fumes  escape  and  a  basic 
magnesium  chloride  insoluble  in  water  is  left    behind: 

/C1 
Mg' 


2  MgCl,  -f  H,0 


Mg 


\ 


;0  +  2HCl. 
CI 


When  a  saturated  solution  of  m#gn— turn  chloride  is  mixed  with 
magnesium  oxide,  the  mixture  soon  solidifies,  forming  a  mass  hard 
as  stone,  known  as  magnesia  cement,  consisting  of  basic  magnesium 
chloride. 

Reactions  in   the   Wet   Way 

1.  Strong  Bases,  such  as  the  soluble  hydroxides  of  sodium,  potas- 
sium :iinl  barium,  precipitate  while,  gelatinous  magnesium  hydroxide, 
and  the  precipitation  is  practically  complete  in  the  absence  of  ammo- 
nium salts  or  if  the  ammonium  salt  is  all  dec. imposed  by  boiling  with 
in  excess  of  the  strong  base  (cf.  pp.  19,  47). 

Mg++  +  20H"  —  Mg(OH)». 

The  solubility  product  of  magnesium  hydroxide  fcf.  p.  22)  is  about  3.4  X  10-"  at 
the  laboratory  temperature.  The  saturated  solution  of  maunesium  hydroxide  in 
pure  rater  contains  about  0.000*2  mole  or  0.012  gm.  Mg(OH)t  per  liter.  In  the 
presence  "f  an  excess  of  OH-.  the  solubility  oi  the  magnesium  Imlroxide  is  much 
leas,  as  a  result  of  the  common  inn  tffaot  («f-  P-  -16).  and  it  in  possible,  by  keeping 
tin  volume  of  the  solution  small  and  using  a  slight  exocos  of  the  reugeut,  to  leave 
1««9  than  I  mg.  of  magnesium  in  solution 

Tlic  precipitaii i  magnesium   hydroxiili'  by   means  of  the  slightly  ionised 

ammonium  hydroxide  can  never  be  made  complete,  nnd  if  the  solution  already 
.oiit.nn    in, nil. niiiiit,  iotii  in  -uili.  ioni  exr***.  no  precipitation  of  magnesium  hydmx- 
;i«  place.    Moroove.r  if  a  precipitate  of  magnesium  h .  liaxida  i-  Unh-dwitha 
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■mI .it  jut 1 1  if  nn  lunindniiim  s*lt,  mieh  an  ammonium  chloride,  tin-  predpHati  : J i -. - ■  •  I •.  •  ■ 

i  ii.-u  n. i  i-  dm  i"  tin'  fact  that  ttw  loniiatlon  ol  uamuoiim  hydraddi  (of   p. 
10  and  p.  88)  in  repromeri  to  Midi  Ul  Kb  Dl    U  ■  result  of  the  common  ion  < 

that   not   enough  OH      inns  me   pri-M-ul    :il   ;mi    •  tiini'    to  witrnfy  the  solubility 

iinxlurt  mI  DMgoesluZD  1 1 >  ■  1 1  ■  •  -.  i>  I  < -.  ;md  oven  the  OH"  from  the  Mf(OH)i  iim.it  bo  In 
i-.|iiilj|.iiinii  with  the  Nil.-*-  ions  from  NhU'l 

Formerly,  the  ngn-precipitation  of  iiiagtietiiuin   by   ammonium  hydroxide  was 

explained  hy  the  an* ptkw  thai natal  wilL«sunhiuNH«lM|<CI.|or(NH«),[MjiCU 

were  formed,  but  this  explanation  han  proved  untenable* 

2.  Mercuric  Oxide  heated  with  solid  magnesium  chloride  converts 
the  latter  into  magnwfllffl  oxide  Which  does  not  dissolve  appreciably  in 
water.  The  mercuric  chloride  formed  and  the  excess  of  mercuric  oxide 
are  volatilized. 

3.  Ammonium  Carbonate  precipitates,  in  the  absence  of  other 
ammonium  salts,  a  basic  salt  (usually  only  on  boiling  or  after  long 
standing).  The  composition  of  the  precipitated  salt  varies  with  the 
temperature  gad  the  concentration  of  the  solution,  the  following  suit 
being  often  obtained: 

4Mg4'  +  4  (NIIOjCOi  +  HsO-*Mg«(CO,),(OH)»  +  COj  |  4-8NH«+. 

The  addition  of  an  excess  of  ammonium  carbonate  Teagent  (p.  75) 
and  an  equal  volume  of  95  per  cent  alcohol  causes  the  complete  pre- 
cipitation of  magnemiuja  as  MgCOi  •  (NH^tCOj  •  4  HsO  from  a  cold, 

Concentrated  solution  of  mitKiK'Miim  nalt. 

The  magnesium  ammonium  carbonate  is  fairly  soluble  in  water 
and  the  solubility  increases  rapidly  with  rise  of  temperature.  Thus 
DO  precipitate  is  obtained  upon  the  addition  of  ammonium  carbonate 
to  a  hot  dilute  solution  of  magnesium  salt  containing  ammonium 
chloride  and  no  alcohol.  (Note  difference  from  barium,  strontium 
and  aaldum.) 

4.  Sodium  Phosphate  is  the  characteristic  reagent  for  magnesium. 
It  produces  En  solutions  containing  ammonium  chloride,  and  in  the 
presence  of  ammonia,  a  white  crystalline  precipitate  (orthorhornbic, 
hemimorphous)  of  magnesium-ammonium  phosphate,  t 

Mg+*  4-  NHi+  +  POr  "  "  —  MgNH4>0«. 

From  very  dilute  solutions  the  precipitate  separates  only  after 
standing  some  time,  owing  to  the  tendency  to  form  supersaturated  solu- 
•ions.  Rubbing  the  sides  of  the  beaker  with  a  glass  rod  hastens  the 
formation  of  the  precipitate 


•  Cf.  Lovf.n-.  Z.anorg.  Chan..  11  (1896).  404;  TtBAOWIU,  iforf  .  37  (1903),  326, 
and  Hum.  ibid.  88(1903),  138. 

t  Magnesium  ammonium  phosphate  ory«(  Jlura  «i'i>  la  mokcuki  "I  wat«r. 
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The  table  on  p.  22  give*  the  solubility  product  nf  magneaium  ammonium  phos- 
phate as  2.6  X  10—";  about  0.O088  g.  of  the  salt  dhaolvM  in  a  liter  of  water  at  the 
laboratory  tampmtun.  The  solubility  in  water  is  increased  by  it*  tendency  to 
u in  1-  rif  hydrolysis. 

MgNH.Po,  +  BOH  r*  Mg+«-  4-  HPO,—  +  N&VOH.  (I) 

The  tendency  to  undergo  hydrolysis  increases  rapidly  with  rin  in  temperature 
(cf.  p.  52).     A  similar  decomposition  is  caused  by  faydrogi  a  Iobb  alone, 

Mr.vh.I'o.  i  B+saMgH-+HP04_ +NHi+.  ill) 

which  leaaen  the  tendency  for  HPO,"-  to  i.mute;  the  precipitate,  therefore,  dissolves 
readily  In  Tin-  presence  of  any  acid  wliich'is  ionised  more  'han  HPO,     ,  even  aottfa 

.■will  icf.  p.  10).     The  presence  of  ammonium  hydroxide  prevents  the  hydrolysis,  in 

.nT.mbi -.viiii  the  hum tiitiiin  law.     For  iin-  reason  in  mm  oi  ammooiuni 

solution  is  usually  added.  Ammonium  ohlorfde,  l>y  vfetlM  of  the  Te^  Ion  crTci-r. 
lessens  the  quantity  of  M(r++  ion*  ftQUind  '<>  roach  tin-  solubility  product  and 
causes  reaction  (II)  to  take  place  in  tin-  Abaction  rigfrt  u,  left;  hut,  on  the  other 
hand,  it  should  favor  reaction  (I)  somewhat,  because  it  represses  the  ionization  of 
ammonium  hydrcoddft.  As  a  matter  of  fin-t  ammonium  salts  usually  retard  the 
formation  of  the  pn-cipitiitc,  but  do  not  eventually  make  it  more  soluble  if  an  excess 
of  ummoniii  is  prtwent. 

Neubuuer  *  haa  shown  that  the  conditions  are  still  mure  '.'implicated  on  account 
of  tin'  t-n.lrtiiy  fur  gflutinoiiu  M|b(r*0.),  nntl  crystalline  Mg(.XH,),(PO«)i  to  form. 
Tertiary  inajriiraium  phosphate,  MgiU'O,).-,  is  formed  in  cold,  strongly  amni.niiu.-.-il 
solutions  containing  but  little  ammonium  salts.  The  roonomagnesium-tetrammo- 
nium  phosphate  is  formed  in  neutral  or  slightly  alkaline  solutions  nnntshlfng  ron- 
-I'lri.ililr  .iiniiii.iiiiiMi  -.ili.v     B,  Bobmitat  has  shown  that.  I n-iitt ifully  crystalline 

pneipltatai  can  bs  obtained  La  the  preaanot  »/  ammonium  Mlta  by  adding  mdJam 

or  ammonium  pbosphatc  to  the  boiling,  acid  solution  of  the  magnesium  wilt.     Then, 

on  milling  mii-ilnnl  the  solution's  volume  of  6  N  an oil  and  allowing  the  solution 

|0  eool.  complete  preCBJlital inn.  ai  MjgNHiPI  »,  ■  'J  I  I  <  >.  '■'!•'     place 

Reactions  in  the  Dry  Way 

All  majrnesuim  salts  are  more  or  less  changed  on  heating  in  the 
air,  leaving  behind  tin-  oxide  or  an  insoluble  basic  salt.  On  char- 
coal  with  sodium  carbonate  before  the  blowpipe,  magnesium  com- 
pounds are  changed  to  white  magnesium  oxide,  which  is  strongly 
luminous  when  hot.  Calcium,  strontium,  and  iiluminitiiu  compounds 
behave  the  same  way.  The  magnesium  salts  are  non-volatile,  do  not 
color  the  flame,  and  give  no  Maine  spectrum,  but  do  give  a  characten-ii. 
spark  spectrum. 


»  Z.UM(f«r.  f 'Arm.  (18W  1.1 3H.     <l   <i n  .•.ml   \i-n\.  Z.  BJWrj. Chtm.,  *),  Bl, 

t  Z.  anal.  Chmt,  I.1908;,  512.     Cf.  JoMIMflD*,  tbU,  {.19M),  278. 
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Detection  and  Separation  of  Magnesium  and  the  Alkalies  in  tit* 
Presence  of  On*  Anollier 

All  of  !  In-  typical  reactions  (lint  have  t>MO  described  for  magnesium 
can  l»  utted  for  separating  magnesium  from  the  alkalies.  The  test. 
for  ammonium  is  always  carried  out  with  some  of  the  original  substance 
or  solution. 

Ordinarily  in  qualitative  analysis,  it  is  i:uHtotn:iry  either  to  test  for 
magnesium  in  one  portion  of  the  solution  by  means  of  sodium  phosphate 
and  for  sodium  .mi  |»  n  In  another  portion,  or  to  precipitate  the 

magnesium  aa  carbonate  and  test  for  sodium  and  potassium  in  the 
filtrate.  In  this  last  method  the  magnesium  can  be  precipitated  with 
the  alkaline  earths.  If  this  is  done,  the  test  for  magnesium  is  not  mado 
in  the  analysis  of  this  group. 

In  all  the  principal  systematic  methods  given  in  this  book  for  the 
examination  of  the  ba«ie  constituents,  a  very  brief  tabular  outline 
will  be  given  first  with  reference  by  numbers  to  the  detailed  direc- 
tions that  immediately  follow. 

TABLE  I.  -  ANALYSIS  OF  GROUP  V 

METHOD  A 


NH.+-.  Test  a 
portion  of  the 
original  sub- 
stance for 
NH,+  by  boil- 
ill  with 
NaOH.     (1) 


Mg++.  Tent  a 
<if  the  ni- 
trate frum 
Group  IV, 
IfelAod  A,  for 
Mo  with 

\  ■','  ,/Hf       and 
NaJlPO*     (2) 


Btaporttl4  to  drynetn.  Ezprl  XJI,  unit*. 
Dineolve  in  water,  add  Bd\OB)\  and  reject 
precipitate.  Add  Wl,  NB4OB  and 
i.V//(jjf'Oi  ami  nliio  reject  this  preeirnt-ifi . 
Evaporate,  expel  NH,  salts,  dissolve  in 
water,  filter,  and  add  HCIO,.  Evaporate, 
add  alcohol  and  filter.     (3) 


Precipitate:    Kern, 
DisKolv*      in       hot 
water        and        add 
\'a,ro(NO,),.    \,l 
tew   precipitate   in 
K,NaCe(NOi)«. 


Filtrate:  Saturate 
mth  HCl  an*.  Fil- 
ter of  NaCl 
reject  filtrate.  l)i»- 
nolveinwatcrand  add 
KJftSbJh.  Cry,- 
talline  precipitate 
is  NmUiSbiOf.   (6) 


PROCEDURE 
I.    Tent  for  Ammonium.     Place  n  little  of  the  original  ituhstaoee  (corn»j>onding 

to  about  02.i  pn.ofaolid)  in  1  tost-tube,  add  about  3 cc.  of  0  N  indium  hydro 
beat  nearly  t«i  bcfflmg  fend  bold  1  piece  of  red  litmus  paper,  wrapped  nroumi  the  ciul 
of  •  stirring  rod,  in  tbo  escaping  vapors.  Take  care  not  to  allow  any  of  the  caustic 
alkali  to  come  in  contact  with  the  litmus  either  by  spattering  or  by  allowing  the 
paper  to  touch  the  *iiU«  of  the  test-tube.  A  good  idea  of  the  quantity  of  ammo- 
nium present  ran  be  obtained  from  the  odor.  If  it  is  desired  to  test  for  traces  of 
ammonium,  curry  out  the  Neealer  teat  aa  duscribed  on  p.  95. 
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2.  Te«t  far  Magne*\um.  Dissolve  the  substance  in  as  little  water  ox  possible, 
<ir,  if  u  solution.  evaporate  to  dryness,  moisten  with  (V  N  hydrochloric  and.  heat 
gently,  dissolve  in  a  1  it  tic-  water  and  filter  if  neccsunry.  The  addition  of  the  acid 
is  not  usually  nrx.essnry.  but  ■omatinm,  when  calcium  has  previously  been  removed 
iw  oxalate,  ,'i  difficultly  soluble  oxalate  of  magnesium  iiml  nmiiinnium  is  formed 
which  is  best  dissolved  by  treatment  with  mi. I  l>efurc  adding  water  If  the  mIu- 
tinn  to  be  tested  contains  considerable  ammonium  salt,  it  is  usually  beat  to  expel  it 
bv  imiitiiiK  flic  residue  obtained  by  BVap'  mat  ion;  tin-  treatment  of  the  residue  with 
hydrochloric  acid  is  then  absolutely  iicccwir;,.  in  order  to  decompo.-c  l>:i.-ic  in:ig- 
tiMiuin  saltii  which  are  formed  during  the  ignition. 

If  ammonium  chloride  in  not  already  present,  add  half  the  solution's  volume  of 
imrnial  ammonium  chloride  and  enough  ammonia  to  make  the  solution  distinctly 
ammnniacnl.  If  a  precipitate  of  magnesium  hydroxide  is  formed,  add  more  ammo- 
nium chloride  to  dissolve  it.  A  flocculent  precipitate  produced  at  this  point  may 
be  aluminium  hydroxide  or  silica.  Such  a  precipitate  should  be  filtered  off  and 
discarded.  To  the  clear  ammouiacal  solution  add  a  little  sodium  phosphate  solu- 
tion and  rub.  with  a  rounded  stirring  roil,  the  inside  walla  of  the  vowel  containing 
the  solution.  If  as  much  as  u  few  tenths  of  a  milligram  of  magnesium  is  present 
|mt  100  cc,  a  crystalline  precipitate  of  "'"gll —*"**'  ainiiioniiiin  phosphate  should 
form  within  a  MM  IIHIHllm  In  case  no  precipitate  in  noticeable,  set  the  lieaker 
aside  and  allow  it  to  stand  overnight.  Tracts  of  magnesium  phosphate  will  usually 
form  on  the  sides  of  the  beaker  whore  it  was  scratched  by  i  he  stirring  rod. 

If  the  precipitate  does  not  appear  distinctly  crystal  line,  it  may  contain  aluminium 
phosphate.  In  such  eaaea  filter  off  the  precipitate  and  redisaolve  it  in  (I  N  acetic: 
tad,  winch  will  not  dissolve  alummiuni  phosphate  but  reaiiily  dissolves  magnesium 
iininiiiniuiii  phosphate.  Heat  the  solution  nearly  to  killing,  add  :i  liberal  excess  of 
ammonia   ami  allow    to  cool;    a  crystalline  precipitate  should   In    obtained   by   this 

tr.a'lnelif 

3.  Test  /or  Sodium  and  Potassium.  Before  testing  for  sodium  and  potassium  it 
is  best  to  remove  the  magnesium.  Evaporate  the  solution  to  dryness  in  a  porcelain 
or  platinum  dish  and  gently  ignite  the  residue  to  expel  ammonium  salte.  Dissolve 
the  residue  in  a  little  water  and.  without  paying  any  attention  to  any  residue  of 
basic  magnesium  salt,  add  barium  hydroxide  solution  until  strongly  alkaline.  Heat 
to  boiling  and  Ota  oil  the  precipitate,  which  may  contain  magnesium  hydroxide, 
huh  urn  sulfate,  if  any  sulfate  ions  were  present,  and  barium  carbonate  from  the 
contact  of  the  barium  hydroxide  solutiou  with  ilic  air.  These  operations  should 
never  be  carried  out  in  gloss  Q  MOM  of  'he  danger  of  obtaining  alkali  from 
the  glass.  Make  the  filtrate  from  the  magnesium  precipitate  barely  acid  with  hydro- 
chloric acid  and  remove  all  barium  ions  by  the  addition  of  ammonia  and  ammonium 
eaibonatt  Rita  Ofl  6bc  precipitated  barium  -  -  » 1 1  ••■::;.--  i'v  .|iorit.  tin-  filtrate  to 
dryness  and  expel  the  ammonium  salta  by  careful  ignition.  Dissolve  the  ndrha 
in  a  little  water  und  make  sure  that  all  the  barium  was  ri'inuvol  by  adding  a  little 
more  ammonium  carbonate.  Filter  if  necmiary  and  again  cva|Kirutr  to  dryness. 
Bspd  the  oioTooiiiiini  -.nit  bv  ignition,  cool  and  wash  down  the  sides  of  the  dish 
with  about  ft  cc.  of  water  to  dissolve  any  ammonium  salt  that  may  |xwsiljlv  be  left 
(here.      Kvaporatc   tO  dryness  again  and   c\pel   tin-  last    trace*  of  aiiimoiiiuin  salts 

it  :;  dull  r»'d  bent  until  no  more  funicsi  ,o  .  iv.  il'.eil  Dimolvc  the  residue 
in  a  little  water  and  lilt  it  the  n-uliing  solution  through  a  small  filter.  A  black 
rwidue  is  often  ilue  to  carbonization  of  pyridine  bases,  which  are  commonly  preaent 
to  a  slight  extent  in  ammonia  solutions, 
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Evaporate  the  solution  just  to  dryness,  arid  5  to  10  ag,  of  -  N  perchloric  acid  and 
evaporate  carefully,  by  keeping  the  diafa  in  constant  motion  over  »  free  flame,  until 
dense  fumes  of  perchloric  acid  are  evolved.  Cool  completely  and  add  'JO  oc.  of 
nice! 

7'A<  prrthtafic  add  tolulion  miul  not  be  htattd  or  concentrated  hj/  evaporation  afttr 
the  alcoh*A  ha*  been  added  or  a  dangerous  expiation  is  likely  to  result. 

Stir  the  solution  and  pre**  down  gently  with  a  .stirring  rod  upon  any  crystals 
that  may  be  prratent.      If  after  stirring  ■  few  imnutrn  a  iwlllin  of  potuxwii:* 
chlorate  remain*,  mI<I  3  oc.  more  of  the  perchloric  acid  reagent.     Filter  through  a 
dry  filter-paper  ud  wash  the  precipitate  with  alcohol. 

4.  If  the  previous  manipulation  has  been  faulty,  the  precipitate  obtained  with 
perchloric  arid  may  conai*t  of  ammonium  pArehlottla,  aud  it  is  advisable,  there- 
fore, to  confirm  the  potassium  tent.  Dissolve  the  precipitate  on  the  filter  with  ax 
little  hot  water  an  posaihle.  using  not  over  10  ce.  at  the  most.  Add  the  water  in 
small  jKirtJonji  around  the  top  of  the  tiltcr-paper  anil  pass  the  firxt  filtrate-  through 
the  filter  o  second  time  Add  3  CO  5  00i  of  sodium  nitrite  reagent  and  2  to  3  00.  of 
8N  acetic  acid  and  boil  gently  for  about  five  minutes.  The  boiling  witfl  nitr.iu.- 
add  serve*)  to  decompose  any  ainrnonium  salt  present;  it  will  cause  the  decompo- 
auon  of  as  much  as  30  mgs.  of  ammonium  ions. 

NH.+  +  N"0,    -.N,  T  +  2H.O. 

Cool  the  ablution  and  add  a  little  sodium  cobaltic  nitrite,  reagent  A  yellow 
{■eafeitate  ol  &NaCo(NOj)i  will  form  wit.liin  ten  iiuihiI.-..  ii  ;immi«-Ii  nO  I  mi;  ni 
potassium  is  present. 

5.   Tat  fix  Solium      Four  the  nl<-' iholict  filtrate  from  the  perehlorate  preeipitiite 
into  a  small  fvrlenmeyer  flask,  place  the  flank  in  cold  water  and  Maturate  with  dry 
hydrogeni  chloride  gas.     This  gas  may  !«•  prepared  by  druppmg  nineentnitcd  Hit 
furic  acid  into  a  flank  containing  oommaa  unit  and  concentrated  itydrooMoxi 
and  passing  the  escaping  gas  through  concentrated  sulfuric  acid.     In  the  presence 

of  alcohol  the  hydrogen  ehloridi-  will  precipitate  as  little  a*  1  mg.  of  tudiui n-  ;■■- 

l  chloride-  Filter  off  the  precipitated  sodium  afilorJdt  Bad  MaO  ll  with  I 
ileohol.  Dissolve  it  in  a  very  little  wntrr.  i-viummtc  the  solution  to  drynnw, 
dissolve  in  I  cc.  of  water  and  add  twice  an  much  potassium  pyrnantimonnte  reagent. 
M  precipitate  of  sodium  pyroantimonate  can  be  obtained  with  as  little 
a*  1  nag.  of  sodium  ions  if  the  solution  i«  allowed  to  stand  overnight,  Trwen  of 
many  other  elements,  nicb  as  the  alkaline  earths,  magDesiun]  and  aluiitiniura  Bko 
give  precipitate*  with  this  reagent,  but  such  precipitates  are  flocculent. 

final  prei'ipitntes  of  potassium  and  sodium  should  always  be  submitted  to 
the  Same  test  in  all  cases  of  doubtful  precipitation. 
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REACTIONS  OF  THE   METALS 


TABLE   II. -ANALYSIS  OF  GROUP  V 
Meriii.u>  ii 


H<*.    r<«t     (At 

original  substance 
as  in  Method  .  I . 
p.  101. 


Filtrate  from  (.roup  IV.  Method  A.  may  contain  Mr4"*,  K+, 
\:i-,    Ml,*.      I  rate  to   10  cc,   add  15  cf.<.,VW,)jC'f>, 

and  15  CC.  (JhOH.     (1) 


Precipitate: 
MgCOj.flra.Vr 
CO, -411,0.  ' 
solve  in  it-normal 
il,so,  and  add 
an  equal  volume 
oj  C,M/>//.  Fi'- 
far.  <i/W  ,V///'M 

an.f  NaJtPOt  to 
precipitate  Mg 
MItf>Ot.     (2) 


Filtrate:     K+.     N»+.     M!/       Remove 
sulfate  by  *  Had,,  remove  Ba+-'  ■■■■  n  Ii 
.,)iCO,.       Expel  NH,«  i 

add  HCIO,.     (3) 


ipit.atc:   KCIO,. 
ICjiitninc       a.\        \n 

hod  a.  a,  102. 

i.h 


Kilt  r.-i».-.        Na+. 
for  N»  as 
m  Method  A,  p. 
102-     (3) 


PROCEDURE  * 

I,  Concentrate  the  solution  to  a  volume  of  about  10  cc.  and  filter  if  necessary 
If  .iniinoniiim  sulfa  arc  deposited  it  in  beat  to  remove  them  finit  ux  in  Method  A. 
Add  to  the  concentrated  .solution  I -"»  cc  ut  luumiuiiuiii  i-arhormte  reagent  and  lo  cc. 
of  alcohol,  stir  wall,  and  allow  the  mixture  to  xtand  half  an  hour  or  longer.  Filter 
off  the  pndpftftta  of  MgCO,  •  (NIL),C<>,  •  I  II.O. 

_'.  To  confirm  the  magnesium  teat,  dissolve  the  precipitate,  which  may  contain 
alkaline-earth  carbonate,  in  a  little  6  N  sulfuric  acid  and  add  an  equal  volume  of 
alcohol.  Any  hnriuiu,  strontium  or  calcium  will  be  converted  into  insoluble  sulfate 
by  thin  treatment.  Filter  the  solution  if  necessary  and  lent  for  magnesium  with 
sodium  phosphate  solution  in  the  usual  way. 

3.  Test  for  Sodium  and  Potassium.  Bvtpontt  I hf  filtrate  from  the  ammonium 
Ofclbowtl  t  rent  merit  to  dryness  in  a  small  porcelain  dish  and  heat  the  residue  until 
no  more  white  fumes  arc  evolved  from  the  heated  bottom  and  sides  of  the  dish. 
Keep  (lie  ii  in|HTalure  below  redness  to  avoid  V"  -  alkali  chloride  and  heat 

idee  aa  well  as  the  bottom  of  the  diah,  which  should  be  moved  about  over  a 
■mull  free  flame.  Cool,  add  5  cc.  of  water,  rinse  with  a  very  little  water  into  a 
small  flask  and  treat  the  boding  hot  solution  with  barium  ohlorida  solution,  drop 
by  drop,  until  nil  sulfate  ix  precipitated.  Filler  mid  precipitate  the  excess  of  bari urn 
with  ammonium  carbonate  Milution.  After  five  minutes,  !i<:it  to  boiling  and  filter 
off  the  barium  ciirheiiinte.  I : >.■: ii ■•  .r  it  r-  ;md  exijel  ammonium  salts  as  before.  Cool, 
add  .5  aft,  of  abater  and  filter  through  n  -mull  filter.  Evaporate  again  in  a  porcelain 
dish  and  ignite  ax  tx-forc  to  make  xurc  that  the  last  traces  of  ammonium  salt  arc 
removed. 

To  the  ijtnited  chlorido  residue,  add  2-5  cc.  of  6-nonnal  perchloric  acid  and 
evaporate,  by  keeping  the  diah  in  motion  over  a  free  flume,  until  thick  fumea  of 
perchloric  acid  are  evolved.    Cool,  and  when  at  room  temperature  add  10-20  cc. 


•  Cf.  8cnArroorr.  Ann.  Phi/*..  194  (18S8).  482;  Cooes  and  Eddy.  2.  anory. 
Chan.  (1906),  427;  A.  A.  Notes.  A  Course  of  Instruction  in  the  Qualitative  Chemical 
Analysis  of  Inorganic  Substances  (1020). 
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at  ©5  per  cent  ethyl  alcohol.  Stir  for  several  minute*,  filter  ami  wash  the  precipi- 
talc  with  alcohol.  Save  the  liltrote  for  the  sodium  test.  Dissolve  thi:  |*>tassium 
perehlorate  precipitate  in  a  few  cc.  of  hot  water,  cool  and  a<lii  6  do.  nf  sodium  oofaahi- 
nitnte  reagent.     A  yellow  precipitate  shows  the  presence  of  potassium. 

Pour  the  alcoholic  filtrate  from  the  potassium  pafaMontt  ptMSpttata  into  a 
•mall  flank  and  saturate  it  with  dry  HCl  gns.  Filter  off  the  precipitated  sodium 
chloride,  wash  it  with  :i  lilt  If  alcohol  and  reject  the  filtrate.  (A  dangerous  explo- 
sion will  result  if  this  filtrate  is  heated  or  evaporated.)  Dissolve  the  sodium  chlo- 
ride in  10  cc.  of  water  ami  cvaixirnto  the  Miihiti.ui  jn.it  to  dryness.  Add  1  cc.  of 
water  and  a  few  drop*  of  potassium  hydroxide  solution  to  make  the.  notation  alkaline. 
Add  2  oa  of  [Hltnarilllll  pyroantimonate  solution  and  allow  the  mixture  to  -land  for 
some  time.  A  white  crystalline  precipitate  shows  the  presence  of  sodium.  If  a 
flocculcnt  precipitate  in  formed,  the  heavier  sodium  precipitate  can  usually  foe 
discovered  if  the  mixture  is  shaken  and  nfter  a  few  seconds  decanted  off  from  the 
heavier  sodium  pyroautimonate  which  usually  adheres  to  the  kIbjb. 


TABLE    111    ANALYSIS  OF  CROUP   V 

METHOD  C 


the 
•maJ  itltMt&DM 
aa   in    Method    A, 
p.  101. 


Filtrate  from  Group  IV,  Method  A.  inav  contain  MJ++. 
K+,  Na+,  NU.+-.  Concentrate  to  10  cc.,  add  1ft  cc. 
(NH,),CO.  and  15  cc.  CII.OII  as  in  Method  B.     (1) 


Precipitate: 
MkCX)i(NII,)iCOi.4IIiO. 
Test  as  in  Method  B.  (2) 


Filtrate:  K+,  .\a\  NHi+. 
Remove  ammonium  salts, 
add  HCl  and  again  ignite. 
Add  3  cc.  of  water  and  test 
one-third  for  potassium 
with  Xa,Co(NOO,  and  the 
remaining  solution  for  so- 
diuin  with  KjlI-SbrOi-     (3) 


(1)  Proceed  exactly  as  in  Method  B. 

(2)  Proceed  exact  1)  as  in  Method  B. 

(3)  Tal  for  So&ivm  nnd  PoUutium.  Eva|wrate  the  filtrate  to  remove  ammo- 
nium salts  and  ignite  as  described  in  Method  B,     Cool  and  add  S  cc.  of  12-normal 

hydrochloric  nriil.      (If  n  •■:  hi  -i.|,-rulilr  p-kIui-  <il"  in  i  alkali  chloride  remains, 

heat  the  mixture  to  about  73*  and  ?tir  with  a  ghua  nxl.  This  serves  to  dissolve 
enough  alkali  chloride  for  the  suliio-ipioul  testy  I  nit  if  much  sodium  or  pStaafun 
Chloride  is  present  nt  this  stage  t  he  greater  part  is  left  undissolved  so  thnt  it  will  not 
interfere.  Decant  the  solution  into  another  porcelain  dish  and  wash  the  residue 
with  2  cc.  more  of  the  strong  acid.)  Evaporate  the  solution  to  dryness  and  Ignite 
in  the  same  way  as  More.  Cool,  add  ;t  it.  of  water  and  pour  the  solution  through 
a  very  small  filter. 

Take  one-third  of  the  solution  and  odd  an  equal  volume  of  sodium  cobaltini trite 
reagent.  Allow  to  stand  in  minutes  if  no  precipitate  forms  n(.  COM,  Filler  and 
wash  thoroughly  with  water.  Reject  the  filtrate.  Treat  the  precipitate  with 
5  re.  of  hot  it-normal  hydrochloric  acid  and  evaporate  the  solution  to  a  small  vol- 
ume. Moisten  a  platinum  wire  with  hydrochloric  acid  and  heat  in  the  non-lumi- 
nous flame  until  no  coloration  is  produced.    Then  moisten  the  wire  with  the  aolu- 
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tion  to  be  tested,  heat  in  the  flame  and  view  through  a  thick  piece  of  blue  glass. 
Violet  flame  *  through  blue  glass  shows  potassium. 

To  the  remainder  of  the  solution  containing  sodium  and  potassium,  add  potas- 
sium pyroantimonate  solution  and  examine  to  see  if  a  crystalline  precipitate  of 
sodium  pyroantimonate  is  produced,  as  in  Method  B. 

This  last  method  is  recommended  by  A.  A.  Noyes  when  a  simple  and  rapid  method 
of  testing  for  sodium  and  potassium  is  desired. 

The  separation  of  the  potassium  and  Bodium  can  be  accomplished 
by  treatment  with  chloroplatinic  acid  instead  of  perchloric  acid,  but 
such  a  method  is  not  suitable  in  ordinary  qualitative  analysis  on  ac- 
count of  the  expense  involved.  The  treatment  is  practically  the  same 
except  that  instead  of  evaporating  till  fumes  of  perchloric  acid  are 
evolved,  the  solution  is  evaporated  just  to  dryness  on  the  water-bath. 


*  The  test  should  be  tried  with  some  pure  potassium  salt  if  the  observer  is  not 
familiar  with  the  flame  test.  The  potassium  salt  is  easily  volatilised  and  the  flame 
is  not  persistent. 


GROUP  IV.     ALKALINE  EARTHS 

CALCIUM.  STRONTIUM,   BARIUM 
GENERAL  CHARACTERISTIC   REACTIONS 

The  metals  of  the  alkali ne-eurth  group  arc  bivalent  and  heavier 
than  water,  which  they  decompose  slowly  at  ordinary  temperatures, 
with  evolution  of  hydrogen  and  formation  of  difficultly  soluble  hydrox- 
ides of  strongly  alkaline  reaction  (of.  p.  41).  The  salts  are  mostly 
colorless  and  very  slightly  soluble  in  water.  The  halogen  compounds, 
nitrates,  nitrites,  and  acetates  are  soluble  in  water.  The  carbonates  are 
irisoliil.il-  in  wulcr  iiinl    nc  ili-i-ninpnsi-d  mi  ignition  info  carbon  dioxide, 

and  white,  infusible,  strongly  luminous  metallic  oxide: 
CaCOa^CaO  +  CO,  f  . 

Strontium  carbonate  is  less  readily  decomposed  than  calcium  carbon- 
ate, and  barium  carbonate  loses  its  carbon  dioxide  only  when  heated 
to  a  white  heat  ,   its  oxide  is  not  very  luminous. 

The  sulfates  and  oxalates  are  very  difficultly  soluble.  The  sulfate 
of  barium  is  the  most  insoluble  sulfate  and  calcium  sulfate  the  most 
soluble;  of  the  oxalates,  the  calcium  salt  is  the  most  insoluble  (of, 
p.  21).  The  solubility  of  the  strontium  salt  is  always  midway  between 
that  of  the  corresponding  calcium  and  barium  salt,  for  the  atomic 
weight  of  strontium,  of  which  the  solubility  is  a  function,  lies  midway 
between  the  atomic  weights  of  barium  and  calcium.  The  halogen  salt* 
are  volatile  and  impart  a  characteristic  color  to  the  flame. 

The  met. ils  of  this  group  form  oxides  of  the  general  type  RO,  and 
peroxides  corresponding  to  the  formula  ROj.  The  latter,  on  treatment 
with  acids,  give  hvilrogen  peroxide  and  salts  corresponding  to  the  oxide 
RO: 

RO,+2HCl  =H,Oi  +  RC1,. 

Magnesium  is  more  closely  related  to  this  group  than  to  the  alkali 
metals.  It  can  be  precipitated  with  this  group  if  the  group  precipitant, 
ammonium  carbonate,  is  added  to  the  concentrated  solution  together 
with  an  equal  volume  of  alcohol. 

Calcium,  Ca.    At.  Wt.  40.07 

8p.  Gr.  1.58.     M.  Pt.  810"  C. 
Occurrence.  —  Calcium  is  widely  distributed  in  nature.     It  is  found 
in  enormous  deposits  in  all  stratified  formations  as  carbonate  (lime- 
atone,   marble,  chalk),  often  rich  in  petrification.     The  carbonate, 
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CaCOj,  is  dimorphous,  crystallizing  in  rhombohedrons  a»  calcite  and 
in  the  orthorhombic  system  as  aragnnitc.  Calcium  also  occurs  in 
large  masses  as  sulfate,  partly  as  raonoclinic  crystallizing  gypsum, 
CaSO«  •  2  IhO,  and  partly  as  anhydrite,  CaSOi,  which  crystallizes  in  the 
orthorhombic  system.  Calcium  also  occurs  as  fluorite,  CaF»,  which 
crystallizes  in  the  isometric  system,  with  perfect  octahedral  cleavage; 

/CI 
as  apatite,  3Ca»(PO«)»  •  Ca'  ,  which  belongs  to  the  hexagonal  sys- 
tem; and,  finally,  in  innumerable  silicates,  such  as  the  monoelinic 
wollastonite.  CaSiOj,  and  I  he  t  rirlinic:  anorthite,  C'aAljSijOt.  The  cal- 
cium minerals  are  the  principal  representatives  of  several  important 
isomorphous  groups: 

Calcite  Group,  Rhombohedral.     AragonUe  Group,  Orthorhombic. 


Calcite, 

CaCOi 

Aragniiite, 

CaCO, 

Magneaite, 

MgCO, 

Strontianitc, 

SrCOj 

Dolomite, 

&)«* 

Witherite, 
Ccrussite, 

BaCO, 
PbCOi 

Siderite, 

i'Vro, 

Smithsonttc, 

ZnCO, 

Rhodochrosite.     MnCOj 


Anhydrite  Group,  Orthorhombic.     Apatite  Group,    Hexagonal. 

Anhydrite,  CaS04  Apatite,  3Ca,(P04)j  +  Ca(ClF) 

Olcstite,  SrS<>.  Pyromorphite,  3Pbj(P04),+  PbCla 

Barite,  BaSOi  Mimetite,  3Pbi(AsO()t+ PbCl« 

Auglcaitc,  PbSO«  Vanadinite,  3  Pbs(V04)t  +  PbCl, 

Metallic  calcium  is  silver-white  when  pure.  It  oxidizes  in  the  air 
forming  calcium  hydroxide,  Ca(OH)3.  and  calcium  cnrliuriate,  CaCOj. 
It  decomposes  water  with  evolution  of  hydrogen  and  formation  of  the 
hydroxide. 

Calcium  oxide,  CaO,  or  quicklime,  reacts  readily  with  water  liberat- 
ing much  heat  (slaking  of  lime).  The  hydroxide  (slaked  lime)  is  much 
less  soluble  in  water  than  are  barium  and  strontium  hydroxides  and  is 
formed  upon  the  addition  of  alkali  hydroxide  to  a  concentrated  solu- 
tion of  a  calcium  salt.     Air-slaked  lime  contains  calcium  carbonate. 

The  chloride  and  the  nitrate  of  calcium  are  soluble  in  absolute  alcohol 
or  in  a  mixture  of  equal  parts  alcohol  and  ether.  Of  the  corresponding 
barium  and  strontium  salts  only  the  chloride  of  strontium  is  soluble  in 
alcohol. 


Calcium  nitrate  is  much  more  soluble  than  barium  nitrate  in  strong 
nitric  acid  and  the  chloride  is  much  more  soluble  than  barium  chloride 
in  hydrochloric  acid. 

Reactions  in   the   Wet   Way 

1.  Ammonia,  in  case  it  is  free  from  carbonate,  produces  no  pre- 
cipitate with  i  Milium  suits;  on  standing  in  the  air,  however,  carbonic 
acid  is  absorbed  and  a  turbidity  of  calcium  carbonate  results. 

2.  Ammonium  Carbonate,  or  any  other  soluble,  normal  carbonate, 
precipitates  white  calcium  carbonate;  the  precipitate  is  voluminous 
and  flocculcnt  when  it  first  forms,  but  soon  becomes  crystalline,  par- 
ticularly when  in  contact  with  boiling  water. 

Ca++  +  CO,—  -*CaCO,.     (I) 

The  precipitate  is  noticeably  soluble  in  an  aqueous  solution  of  the 
ammonium  salt  of  any  strong  ucn ! : 

CaCO,  -I-  2  NH«+  —  0»+*  +  2  NH,  t  +  Ha0  +  CO,  | .    (II) 

When  ammonium  carbonate  is  the  precipitant,  equation  (II)  is  essen- 
tially the  opposite  to  equation  (I)  and  the  mass-action  law  shows  how 
the  reaction  can  be  made  to  go  in  either  direction.  An  excess  of  am- 
monium carbonate  will  favor  the  progress  of  equation  (I)  and  boiling 
with  a  large  quuntity  of  an  ammonium  salt  such  as  ammonium  chloride 
will  cause  equation  (II)  to  go  to  completion. 

Ammonium  carbonate  w  an  unstable  substance  (cf.  p.  53).  Commercial  ammo* 
mum  carbonate,  often  collnd  ammonium  xcsquicarhonatc.  is  n  mixture  of  approxi- 
mately equivalent  quantities  of  ammonium  bicarbonate,  XiiJiCOt,  and  ammonium 
carbamate.  NH/30bNH,;  the  latter  salt  correspond*)  to  normal  ammonium  car- 
bonate le*w  one  molecule  of  water.  Calcium  carbamate  is  quite  soluble  in  water 
but  by  contact  with  water  at  60°  it  becomes  ehanged  to  insoluble  calcium  carbonate. 
The  ammonium  carbonate  reagent  il  pngmad  with  tl  X  ammonia  instead  of  water; 
this  prevents  the  hydrolysis  of  the  sail  and  churw  the  bicarUmati:  tu  ammonium 
carbonate. 

Calcium  bicarbonate  is  soluble  in  water,  so  that  any  acid  which  ■ 
dissociated  to  a  greater  extent  than  HCOj"  will  exert  a  solvent  effect 
upon  calcium  carbonate. 

CaCO,  4-  H+  s=*  Ca+*  +  HCO," 

Thus  acetic  acid  dissolves  calcium  carbonate  readily.  Boiling  t  he  solu- 
tion favors  the  progress  of  the  reaction,  as  the  HCO»~  is  also  in  equi- 
librium with  H+  and  HjCOs  and  the  latter  with  HaO  and  CO,: 

HCOr  +  B*  —  H,COj  -*  H,0  +  CO,  t  . 

and  the  carbon  dioxide  can  l>e  expelled  completely  at  100°  (cf.  p.  15). 
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Tin'  precipitation  of  calcium  carbonate  from  boiling,  dilute  solutions 
containing  ammonium  salts  is  always  more  or  less  incomplete,  for 
the  reasons  thai  have  just  been  given,  but  from  cold,  concentrated 
solutions  containing  considerable  alcohol  the  precipitation  is  practirally 
complete. 

3.  Ammonium  Oxalate  produces  in  neutral  or  alkaline  solutions  a 
precipitate  of  calcium  oxalate,  which  when  formed  from  cold  solutions 
is  composed  of  extremely  fine  crystals,  hard  to  filter,  while  from  hot 
Solutions  larger  crystals  are  funned: 

CO,"  "  +  Ga+*  s=s  CaCtO* 

Calcium  oxalate  is  practically  insoluble  in  water  and  acetic  acid,  but 
dissolves  readily  in  mineral  acids: 

CadOt  +  2  H+  P*  f'a++  +  EbGaOfr 

Calcium  oxalate,  unlike  calcium  carbonate,  does  not  dissolve  in 
acetic  acid  for  the  following  reasons:  il)  The  solubility  product  of 
calcium  oxalate  is  about  3.8  x  10"""  while  that  of  calcium  carbonate  is 
about  1.7  X  10~*  (p.  21)  which  shows  that  the  oxalate  is  somewhat 
less  soluble  in  water  than  the  carbonate.  (2)  The  ionization  constant 
of  SCOT  is  0.0«3  while  that  of  HCjO«~  is  O.O40  and  that  of  acetic  acid 
is  0.0»18;  this  reason  is  sufficient  to  explain  why  acetic  acid  has  little 
solvent  effect  upon  calcium  oxalate.  To  dissolve  calcium  oxalate 
readily  it  is  necessary  to  use  an  acid  strong  enough  to  repress  the  ioniza- 
tion of  the  first  hydrogen  of  oxalic  acid,  for  which  the  ionization  con- 
stant is  O.O.'IN.  (3)  The  progress  of  the  reaction  cannot  lie  aided,  as 
in  the  ease  of  the  carbonate,  by  the  loss  of  a  volatile  constituent. 

Ammonia  precipitates  from  such  a  solution  calcium  oxalate  again, 
the  excess  of  hydrogen  ions,  as  well  aa  the  oxalic  acid  which  was  formed, 
being  neutralized. 

Calcium  oxalate  on  being  boiled  with  sodium  carbonate  solution  is 
easily  changed  to  carbonate: 


CaC04  +  CO, 


CaCO,  +  C.O.- 


Thia  reaction  takes  place  in  the  direction  left  to  right  when  an  excess 
of  COi~~  ions  is  present  in  spite  of  the  fact  that  calcium  oxalate  is 
somewhat  less  soluble  than  calcium  carbonate.  This  is  in  accordance 
vs  it  h  the  mass-action  law  fp.  13).  An  excess  of  C»0«  ions  will  make 
the  reaction  take  place  in  the  direction  right  to  left. 

■I.   Sulfuric   Acid   produces   a    precipitate   only   in   concentrated 
solutions: 

CaCl,  +  H,S0,  ^2  HC1  +  CaSO,. 


CALCIUM 
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QlM  hundred  cc.  water  dissolves  0.214  gin.  CaSO,  •  2  H2G  at  40°, 
!)ut  much  less  than  1  nig.  will  dissolve  in  the  mom  quantity  of  alcohol. 
In  the  presence  of  a  slight  excess  of  sulfate  ions,  calcium  sulfate  is  li  : 
■niilile,  but  the  behavior  of  calcium  sulfate  toward  hydrogen  ions  is 
similar  to  that  of  calcium  carbonate.  Calcium  add  sulfate  is  much 
more  soluble  than  normal  calcium  sulfate,  and  any  acid  which  is  calla- 
ble of  repressing  the  ionization  of  HS0«~  will  exert  a  solvent  effect 
upon  CaSO..  Sulfuric  acid  itself,  or  any  other  strong  acid,  can  exert 
this  solvent  effect . 

<  mi  nun  sulfate  is  also  soluble  in  concentrated  ammonium  sulfate, 
owing  to  the  formation  of  a  complex  anion: 

CaSO,  +  (NHOaSO,  —  (NH,),[Ca(S04)a]. 

5.  Calcium  Sulfate  solution  produces  no  precipitation  with  calcium 
salts.     (Note  difference  from  strontium  and  barium.) 

6.  Sodium  Phosphate  (NajHPOO  produces  in  neutral  solutions  a 
white,  flocculent  precipitate  of  secondary  calcium  phospliate: 

Ca*+  +  H  PO,"  ~  —  CaHPO.. 

If  ammonia  is  added  to  the  solution  at  the  same  time,  tertiary  cal- 
cium phosphate  will  be  precipitated: 

BPOT"  +  OH--*  H,0  4-  P0«— 
3  Ca++  +  2  PO.—  —  Ca,(PO«),. 

Both  of  these  phosphates  of  calcium  are  dissolved  by  hydrogen  ions. 
A  glance  at  the  table  on  p.  10  shows  that  even  acetic  add  will  repress 
the  ionization  of  HjPO."  to  an  extent  such  that  it  will  exert  a  slight 
solvent  action  upon  CaHPO.  and  upon  Ca»(PO.)».  Acetic  acid  in  the 
presence  of  a  soluble  acetate,  however,  will  not  dissolve  Ca»(PO«)t 
appreciably.  From  a  solution  obtained  by  dissolving  calcium  phos- 
phate in  acid,  ammonia  always  precipitates  the  tertiary  salt. 

7.  Chromates  of  the  Alkalies  do  not  precipitate  calcium  salts  FrOED 
dilute  solution.  (Note  difference  from  barium  and  strontium.)  In 
a  concentrated  solution  of  calcium  salt  to  which  potassium  eliminate 
has  been  added,  a  precipitate  of  calcium  chromate,  CaCr()<  •  2  H3<), 
forms  slowly  after  some  time,  or  immediately  upon  adding  two  or 
three  volumes  of  alcohol.  Adding  ammonium  hydroxide  favors  the 
precipitation  but  acetic  add  prevents  it. 

8.  Absolute  Alcohol,  or  a  mixture  of  equal  parts  of  absolute  alcohol 
and  ether,  dissolves  both  the  nitrate  and  chloride  of  calcium. 

All  deliquescent  salts,  with  the  exception  of  potassium  carbonate,  dis- 
mIm  in  ab.yoluU-  ulrohof.  All  other  salts  are,  in  general,  insoluble,  or 
very  difficultly  soluble,  in  absolute  alcohol.     An  exception  to  thin  rule 
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is  found  in  the  case  of  mercuric  ebbtide,  which  is  not  deliquescent, 
arid  is  much  more  readily  soluble  in  alcohol  than  it  is  in  water. 

9.  Potassium  Ferrocyanide  gives  with  calcium  salts  a  white  crystal- 
line   precipitate   of  calcium-]  m    I'ei  mej ■ !••.    I  '.i  K,[Fe(ON)«]  • 

3H»().  In  the  presence  of  ammonium  salts,  ealcium-potassium- 
ammonium  ferrocyanides  are  formed. 

10.  Barium  Fluoride  precipitates  calcium  fluoride,  CaF8.  The 
presence  of  0.8  nig.  in  10  ee.  of  solution  can  lie  shown  by  this  reagent. 

11.  Water  decomposes  the  carbide,  phosphide,  and  nitride  of  cal- 
cium at  the  ordinary  temperature,  as  follows: 

(a)  The  carbide: 

Cad  +  2  HOH  =  Ca(OH),  -f  dH,  T  • 

Awtylcno 

Acetylene  is  evolved  by  the  reaction,  a  gas  with  a  peculiar  smell.* 
If  this  gas  is  conducted  into  an  ammoniacal  copper  solution,  it  rapidly 
produces  a  red  precipitate  of  coj»|ht  acetylide.  The  I  iii<  r  compound 
is  harmless  while  it  is  moist;  but  in  the  dry  state  it  can  be  readily 
exploded  by  a  blow,  by  rubbing,  or  by  simply  warming. 

(£>)  The  phosphide : 

Ca,P8  +  6  HOH  =  3  Ca(OH),  4-  2  PH,  f . 

The  garlic-smelling  phoaphine  gas  which  is  evolved  is  spontaneously 
combustible,  because  it  always  contains  a  small  amount  of  the  spon- 
taneously-combustible, liquid  hydrogen  phosphide  (PjH«). 

(c)  The  nitride: 

CaiN,  +  6 HOH  =  3  CaiOH),  -f-  2  NIfc  T  • 

Reactions  in   |*M  Dry   Way 

Calcium  compounds,  on  being  I  ith  sodium  carbonate  before 

the  blowpipe,  are  changed  to  the  white  infusible  oxide,  which  glows 
brightly  when  hot. 

The  volatile  calcium  compounds  color  the  non-luminous  gas  flame 
brick-red. 

Flame  Spectrum.  — Orange-yellow  double  line  (620.3  mm.  618.2  mm) 
and  a  yellowish-green  one  (554.4  ^n,  561.8  mm):  both  of  these  lines 
belong  to  calcium  oxide.  If  calcium  chloride  wet  with  hydrochloric 
aiid  is  placed  in  the  flame,  a  number  of  Other  lines  are  seen;  in  the 
orange-yellow  646.0  mm.  606.0  n^i,  004.5  ixy.  and  593.4  iip.  in  the  yellow 
581.7  tin  and  572.0  mi,  in  the  violet,  U8Ualty  very  difficult  to  see, 
422.7  up  (see  spectroscopic  chart,  Frontispiece)! 


•  Pure  ac*tylene  ia  odorless.     Almost  all  calcium  wbftfa  contain*  n  littlo  mlriurn 
phosphide,  which  evolves  phosphinr  00  treatment  with  water  / 


STRONTIUM  1 13 

Strontium,  Sr.    At.  Wt.  87.63 

Sp.Gr.2J5.    M.rt.800"C. 

Occurrence.  —  Strontium  occurs  quite  commonly  with  calcium,  hut- 
usually  in  much  smaller  amounts.  Tin  re.  an  Only  a  few  true  stron- 
tium minorals.  The  most  important  of  those,  are:  SI  ronti.-intte,  Sr(  i  ).,, 
orthorhombic,  iaomorphous  with  aragonite;  and  eclestite,  Si  SO,,  or- 
thorhombic,  isomorphuus  with  barite. 

Metallic  strontium  is  described  generally  as  a  silver-white  metal 
but  some  authorities  ascribe  to  it  the  color  of  brass;  the  yellow  tint 
is  probably  due  to  impurities.  It  is  similar  to  calcium  in  ita  chcrnii-.-il 
behavior.  The  hydroxide  is  more  soluble  in  water  than  calcium 
hydroxide  is  and  it  requires  stronger  heating  to  convert  it  into  the 
oxide. 

Reaction*  in   the  Wet   Way 

1.  Ammonia:  same  as  with  calcium. 

2.  Ammonium  Carbonate :   same  as  with  calcium. 

3.  Ammonium  Oxalate:  same  as  with  calcium;  but  the  strontium 
oxalate  is  somewhat  soluble  in  acetic  acid. 

4.  Dilute  Sulfuric  Acid  produces  a  white  precipitate  of  strontium 
sulfate : 

SrC'l,  +  H,S04  =  2  HC1  -f  SrSO,. 

Strontium  sulfate  is  much  less  soluble  in  water  than  calcium  sulfate 
(0900  parts  of  water  at  ordinary  temperatures  •  li--ol  vf  1  part  SrSO,), 
but  much  more  soluble  than  barium  sulfate.  It  is  somewhat  soluble 
in  boiling  hydrochloric  arid,  and  insoluble  in  ammonium  sulfate.  By 
boiling  with  a  solution  of  ammonium  or  alkali  carbonate  solution,  the 
strontium  sulfate  is  changed  to  carbonate: 

SrSO ,  +  CO,"  "  ^  SrCO,  +  BQf  "• 

5-  Calcium  Sulfate  solution  produces  in  neutral  or  weakly  acid 
solutions,  after  some  time,  a  precipitate  of  strontium  sulfate: 

Sr+*  +  CaSO«  =  SrSO,  +  Ca++. 

0.  Chromates  of  the  Alkalies  produce  in  dilute  solutions  no  pre- 
cipitate (thus  differing  from  barium) ;  but  from  concentrated  solutions 
strontium  chromate  is  precipitated.  It  is  much  less  soluble  in  alcohol; 
100  cc.  of  alcohol,  53  per  cent  by  volume,  will  dissolve  0.002  grn. 
SrC'rO,  and  0.088  gm.  of  CaCr04  at  room  temperature;  100  cc.  of  29 
per  cent  alcohol  will  dissolve  0.132  gm.  SrCr04  and  1.22  gms.  CaCrO* 
The  precipitate  is  quite  soluble  in  acetic  Mid. 
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7.  Absolute  Alcohol.  The  nitrate  is  not  deliquescent,  and  does  not 
dissolve  in  absolute  alcohol.  Strontium  chloride  is  slightly  deliques- 
cent; the  anhydrous*  salt  dissolves  scarcely  at  all  in  absolute  alcohol; 
but,  on  the  other  hand,  1  gra.  of  SrCl*  +  6  HtO  dissolves  in  116.4  gms. 
of  Bold  alcohol  and  262  gms.  of  boiling  absolute  alcohol.  100  cc.  of 
66  per  cent  alcohol  dissolve  about  50  gms.  of  SrClj  •  0  HiO. 

8.  Sodium  Sulfite   precipitates  strontium   sulfite  from   neutral   or 

acetic  acid  solutions;  the  predpftata  is  soluble  La  hydrochloric  Mtd. 

I  Ik  reagent  used  in  making  this  test  should  be  a  concentrated,  freshly- 
prepared,  aqueous  solution  free  from  sulfate. 

9.  Potassium  Ferrocyanide  produces  DO  precipitation. 

Reactions  in   the  Dry  Way 

Heated  on  charcoal  l>efore  the  blowpipe  the  strontium  compounds 
hehave  similarly  In  the  calcium  compounds. 

The  volatile  strontium  salts  color  the  non-luminous  gas  flame 
carmine  red. 

Flame  S/ndruin.  —  A  numt>er  of  lines  in  the  rod  and  orange  yellow 
and  one  in  the  blue.  No  bands  in  the  green.  Red  686.3  uju,  674.7  wm, 
062.8  wi,  649.9  w,  orange-yellow  646.5  /yi,  635.1  w,  606.0  **■»  blue 
460.7  nn. 

Barium,  Ba.    At.  Wt.  137.37 

Sp.  Gr.  about  4.O.     M.  Pi.  8S0*  (?)  C. 

Occurrence.  —  Like  strontium,  barium  is  almost  always  found 
associated  with  c:dciuin,  but  only  in  small  amounts.  The  most  im- 
portant barium  minerals  arc:  Witherite,  BaCOs,  orthorhombic, 
ismorphmis  with  aragonite;  barite,  or  heavy  spar.  BaSO«,  ortho- 
rhombic,  isomorphous  with  anhydrite;  and  the  hydrous  barium 
aluminium  silicate,  harmotomc.  Ma.\l»lljSi»Oj»4"  4  H»0.  Harmotome 
ci ystallizcs  in  the  monoclinie  system,  and  belongs  to  the  class  of 
zeolites. 

Metallic  barium  is  usually  described  as  of  silver-whit*1  color  Inn 
according  to  some  observers  it  is  gold-yellow.  The  hydroxide  is  more 
soluble  in  water  than  any  other  alkaline  earth  hydroxide  and  it.  melts 
:il  :i  rod  heat  without  being  decomposed.  Concentrated  solutions  of 
barium  salts  give  precipitates  of  barium  chloride  upon  the  addition 
of  strong  hydrochloric  acid  and  of  barium  nitrate  upon  the  addition 
of  strong  nitric  acid.  Insoluble  barium  salts,  therefore,  dissolve  more 
readily  in  dilute  hydrochloric  or  nitric  acid  than  in  stronger  acid. 
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Reactions  in   the  Wet  Way 

1.  Ammonia  and  Ammonium  Carbonate:  same  as  with  calcium 
and  strontium. 

2.  Ammonium  Oxalate:  same  H  wilh  r:drhmi  ami  Strontium, 
except  that  the  barium  oxalate  formed  is  more  soluble  in  water  i 1  gm. 

Ives  in  2.6  liters  of  cold  water),  and.  is  readily  dissolved  b.v  hot 
dilute  acetic  acid. 

3.  Phosphates  of  the  Alkalies:  same  a8  with  calcium. 

4.  Chroma tes  of  the  Alkalies  produce  i"  neutral  BOtutiotM  of  barium 
saltH  a  yellow  precipitate  of  barium  ehromate  (thus  differing  bom  eal- 

■mi  i  ami  strontium), 

Ba++  + CKV  ~«^BaCrCv 

Tlir  table  on  p.  10  show*  thnt  IK'rO,"  is  ioniied  only  to  between  0.1  nriil  0  ' 
l>er  cent  in  0,1  N  solution.  In  the  presence  of  a  Stronger  acid,  ite  ionization  be- 
cornea  much  lees,  and  the  equilibria 

11+  +  CiO, —  ;=!  HCrtV  ami  9  HCfOT  —  H*0  4-  CrjO," 

progrow  farther  in  the  direction  left  to  right  thuii  in  pUM  witter.  The  final  lh|H  ilihn  tifii. 
however,  :il-n  i1c|mii(I>  ii|«)n  the  I'lincciilration  of  CrOj  m  the  .solution.  In  the 
case  of  atrontiuni  chri>rnutc.  enough  CkOi  ions  are  prntrat  in  (lie  KntiirnUil  aqueous 
solution  »o  that  the  faraitian  ol  the  Hi'ro,  lakes  place  to  a  considerable  I 
when  a  little  acetic  acid  is  added  to  the  solution,  and  it  in  easy  in  this  way  to  prevent 
the  precipitation  of  aa  nun lh  u  0  '>  Kin  of  iir.iritiuin  inns;  barium  rhrniriute,  <m  ;i'e 
mlnr  hand,  Is  to  rum-h  more  insoluble  that  it  takes  conaiderable  acetic  acid  to  have 
ail  appreciable  effect  opon  it*  solubility.  Thus  u  siimll  quantity  of  bun  urn  can  be 
separated  from  quite  a  large,  quantity  <>l  strontium  by  willing  C'r<)«'  and  a  Mutable 
quantity  of  ncetir  told. 

If  n  more  highly  ionised  acid  is  present,  such  as  hydrochloric  «e.id,  the  barium 
will  not  be  precipitated  as  ehromate,  but  by  adding  sodium  acetate  (cf.  p.  47)  the 
concentration  of  the  hydrogen  ions  can  be  reduced  sufficiently  to  precipitate  even 
a  small  quantity  of  barium  aa  ehromate. 

5.  Dilute  Sulfuric  Acid  produces,  in  even  the  most  dilute  solutions, 
a  precipitate  of  barium  sulfate- 

Ba+*  +  SOr--.  BaSCv 

According  to  the  table  on  p.  21,  1  liter  of  pure  water  dissolves  about 
9JLG  mgBi  of  barium  sulfate.  In  a  slight  excess  of  sulfuric  acid  il  be 
BUIofa  less  soluble  by  virtue  of  the  common  ion  effect  (p.  46).  Ab  with 
strontium  and  barium  sulfates,  the  presence  of  an  excess  of  hydrogen 
ions  hiut  it  solvent  action  due  to  the  formation  of  arid  sulfate.  This 
effect  is  appreciable  with  acids  such  as  hydrochloric  or  nitric  acid,  but 
the  solubility  of  barium  sulfate  is  so  slight  that  it  requires  treatment 
with  hot,  concentrated  sulfuric  arid  in  order  to  get  any  considerable 
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i  [u. 1 1 it  it y  of  barium  sulfate  into  solution,  and  dilution  with  water  causes 
reprccipitation  of  burium  sulfate: 

BaSO«  +  H,SO«  &  Ba(liS(>,),. 

Barium  sulfate  is  partially  converted,  a  It  of  the  mass-action 

effect,  into  more  soluble  barium  carbonate  by  binding  with  a  concen- 
t  rated  solution  of  ■odiom  carbonate: 

BaSO<  +  Na»CO«  f±  BaCO*  +  NusS04. 

To  make  this  decomposition  quantitative,  the  barium  sulfate  must 
be  boiled  with  the  sodium  carbonate  solution,  filtered,  treated  with  a 
new  portion  of  sodium  carbonate  solution,  and  the  process  repeated 
until  the  filtrate  no  longer  gives  &  test  for  sulfate.  The  more  concen- 
trated the  sodium  carbonate  solution  is.  tin-  more  complete  will  lie 
the  decomposition.  The  highest  degree  of  concentration  will  bt 
reached  by  fusion  of  the  barium  sulfate  with  anhydrous  sodium  carbonate. 

Consequently,  to  obtain  a  solution  of  burium  ions  from  insoluble  barium  s.iilfut >■.  it 
fa  beet  to  proceed  an  follown:  Mix  the  solid  with  four  to  six  times  so  much  anhydrous 
wiilmiii  Carbonate  ami  fn.-e  Itii!  mixture  in  a  pliitmuin  crucible.  Cool,  IkiiI  the 
reaidue  with  a  little  water  until  thorouKhly  (iLiinlfgrsJod,  mid  filter.  Wash  the 
ri-i'liii-   a  t » i    li.il,  D0tml  .-"-1111111  ■•■«  rl  "  •!!  '!•■  "'il'i:  i -  * r . .   mil  it    I  In    I  ill  rate  jjivt-i  II"   !••-( 

fnr  mlflta  num.  inwl  i hat)  uiili  :i  luilr  water.  DisMilve  the  residue  of  barium  car- 
bonate in  dilute  hydrochloric,  nitric  or  toetiu  Hid, 

If  the  product  of  the  fusion  were  treated  with  considerable  water,  or  if  the  residue 
were  washed  nt  once  with  considerable  hot  water,  the  ilisiolved  sodium  .sulfate 
would  read  with  tlit-  iiiHiilublr  barium  carbonate  to  form  liw  nolulile  barium  sulfate. 
Thin  is  prcx-cnted.  in  accordance,  with  the  mass-action  principle,  by  keeping  the 
couccutratioii  of  the  sodium  carbonate  suHiciently  large. 

6.  Fluosilicic    Acid    produces    a    white,    crystalline    precipitate    of 

barium  rlunsilicate: 

H.SiF,  -f-  BaCl,  =  2  HC1  -f-  BaSiFa. 

In  order  to  effect  complete  precipitation,  the  snlulion  must  stand  some 
time.  Barium  fluosilicate  is  difficultly  soluble  in  water  and  dilute 
acids,  and  insoluble  in  alcohol. 

7.  Absolute  Alcohol  dissolves  neither  the  nitrate  nor  the  chloride: 
:u dl  tier  of  these  salts  is  deliquescent.  100  cc.  60  per  cent  alcohol  (by 
volume)  dissolve  3.3  gm».  of  Bu('l;  •  9  11*0. 

8.  Concentrated  Hydrochloric  Acid  and  Nitric  Acid  will  precipitate 
from  fairly-concentrated  barium  solutions  the  chloride  and  nitrate 
respectively. 

9.  Sodium  Phosphate  produce*  a  white  precipitate  of  barium  phos- 
phate in  neutral  or  alkaline  solutions  of  barium  salts  as  with  calcium 
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and  strontium  salts.    According  to  Fresenius,  BaHPOi  is  eonv 
only  partially  into  Ba»(PO«)j  upon  adding  ammonium  hydroxi-lc  . 

10.  Potassium  Ferrocyanide  added  to  a  concentrated  solution  of  a 
barium  salt  gives  a  white,  crystalline  precipitate  of  knium-pota-snium 
ferrocyanide,  B«.K:>[I'\M'(.'N)e]  •  3  I lit).     In  the  presence  of  ammonium 

iMs,  the  composition  of  the  precipitate  varies.     The  precipitate  is 
more  soluble  than  the  corresponding  calcium  salt. 

11.  Sodium  Sulfite  gives  a  white  precipitate  of  barium  sulfite, 
BaSO,,  which  is  not  very  soluble  in  dilute  acetic,  or  very  dilute  hydro- 
chloric acid. 

Reactions  in  the  Dry  Way 

Heated  with  sodium  carbonate  on  charcoal  before  the  blowpipe,  the 
barium  compounds,  unlike  tlnt.se  cf  i-:»li  iuni  urn!  i-inm!  ium,  do  not  give 
.<i  brightly  luminous  mass,  because  the  barium  carbonate  formed  is  not 
decomposed  at  this  temperature  into  the  infusible  oxide  and  carbon 
dioxide.  I'm  Hh'M'lv  .-.oilers  together  somewhat.  Volatile  barium  salts 
color  the  non-luminous  gas  flame  yellowish-green.  The  sulfate  ia 
only  slightly  volatile  in  the  hottest  name,  and  in  the  ordinary  gas  flame 
it  ahows  scarcely  any  coloration.  In  order  to  obtain  the  coloration, 
it  is  best  to  change  the  sulfate  into  chloride,  by  reducing  a  small 
particle  on  a  platinum  wire  in  the  upper  reducing  flame  to  sulfide  and 
■  I  ling  u  little  hydrochloric  acid  by  means  of  :i  capillary  tube.  The 
wire  on  then  being  brought  into  the  flame  will  give  the  characteristic 
flame  coloration. 

Flame  Spectrum.  —  A  number  of  deep  green  lines,  weaker  lines  in 
the  orange-yellow  part  of  the  spectrum,  and  one  blue  line. 

Orange-yellow  (654.0  mm-  820.8  up),  (624.0  m,  «I7.9  »n,  610.9  mm, 
603.2  mm).  Yellow  528.5,  yellow  triple  line  (570.0  mm,  572  uu.  564.8  nn). 
Crcen  55:{.5  mm,  534.7  MM,  524.8  w,  513.7  fty.,  500.0  mm-     Blue  464.7  mm- 


Separation  of  Calcium,  Strontium,  and  Barium 

In  the  course  of  a  systematic  analysis  these  three  metals  are  n  I  ways 
obtained  in  the  form  of  their  insoluble  carbonates,  either  by  precipita- 
tion with  ammonium  CSfbonstS  from  fairly  dilute  solution  in  the  pros- 
nf  ammonium  chloride  i  of.  p.  160)  or  by  fusion  of  the  sulfates  with 
sodium  carbonate. 

A  number  oJ  excellent  methods  have  lx:en  proposed  for  the  analysis 

of  the  alkaline  earth  group.     The  characteristic  reactions  of  barium, 

Btiom  nnd  calcium  are  so  similar  that  difficulties  are  likely  to  arise 

in  any  scheme  whenever  a  small  quantity  of  one  ol  I  hi  M  clement*  is 

present  together  with  a  large  quantity  of  another;   thus  a  precipitate 
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caused  l>v  the  pretence  of  much  strontium  may  ho  confused  with  one 
produced  by  a  little  barium.     Three  methods  of  analyzing  the  group 

will  be  described. 

TABUS    IV.  —  ANALYSIS    OF    CROUP    IV 
METHOD   A 

Solution  may  contain:  Ba++,  81++,  Ca-H-,  Mg++,  K+,  Xa+,  NH.+.  Add 
Ml, (HI  mid  (A7/,)1rO,.  Examine  filtrate  for  Mo,  K.  Na  neeording  to  Table  I,  II 
nr  III.  pp.  WIS.  (lj.  Di-i/toli'f  (nrhynntes  of  tin.  Sr  ODld  Cb,  in  brumal  II .X(>,. 
Evaporate  tei  drynets.  Ditsolre  </  part  flf  the  rmidtie  m  a  httlt  looter  find  add  CoSOt 
lahUien  9):  (1)  m>  preoipUaU  Uformeau  Cn  b  present  (8);  (/>)  a  precipitate  form* 
slowly.  Si  U  preCOIH  ma  possibly  ('a  (4);  l.r)  u  -precipitate  is  formed  at  nitre.  Ho  fa 
il  and  powiWy  ft  Bad  ''"  (()•  Irsfll  (At  remainder  of  tin  dry  residue  wiH 
CJijOH  (6). 


idae       SnN'O,),.     Ba(NO,),.      //«?o/    u*A    *o2W 

\  .'//v  (£)       v,,,.,.  ,  ,,/„       ,.;„,  „,//,  i\il,()ll. 


llM     BaCI..     r 
fair   fin  me.     Dittolpt    fa 
lool  r,  Atari  ("  bouwu  and 

addHC.I/l<>!<m,JK:CrO,. 

yellow    precipitate    of 
BaCrO,  Bfaowi  ««.     (9) 


Solution:  Bed*     I 

rufi  £n  dryness  and  lest 
in  /lime.  Carmine-red 
coloration  showsSr.  (9) 


Solution:  Ca(NrO,),.   Bosn- 
ia drynan  and  (Ml 

il   Ml  yfame.     Brick-red 
eolorut  ion  shows  Co.  (7) 


PROCKUl    l.r 

I     Cnnc-eatHtti  tin-  filtrate  frum  Qroup  III  to  ■Bill  volume  in  |  porcelain  dish. 
add  8-nonn:il   IH'I  t..  n<\<\  reaction  and  filter  if  the  Holutinn  is  not  pflrfeerly  •  lenr 
If  sulfur  runs  through  the  filter  paper,  make  a  pulp  hy  shaking  small  pieces  of  filter 
pa|ier  in  a  bettlfl  with  Water,  add   -«.iiu-  of  thin  pulp  |.i  tin-  turbid  nolutioti.  .itir  or 
■hake.   mi'I   till «  r        Wash  'lir  rr-idue   I'll    llM    Wl Of   the   liltiiit*   i-    :il«>ul   :■><>  re., 

heat  this  Nolut.ii m  i"  Ixjiliiig.  add  N'H.OH  ruul  IXH,i.( '< ),.  Miter  uiiil  examine,  the 
filtrate  for  Mg+-*-.  K+  and  Nn+.  The  precipitate,  may  contain  BaCO,.  SrCOi  and 
Cat"' 

3,  Dissolve  the  rarhoiiato  in  dilute  nitric  acid  and  •vnpofail  tin-  ■  "lutein  in  a 
«mnll  porcelain  crucible  just  to  dryness  by  henting  with  a  small  flame  kept  in  con- 
stant motion  and  heating  very  carefully  until  all  the  moisture  and  nitric  acid  have 
been  expelled.     Take  care  not  to  overheat  the  MeidhM,  as  this  will  cause  the  OOO- 

I  the  nitrates  to  oxides.     Dissolve  a  small  portion  of  the  residue  in  as  little 

water  xt  jiomiblc  and  add  5  <rc.  of  eiilrnirn  sulfate  solution. 

:;     II  m  BmfyflaA  ■  formed,  only  ralrium  (and  magnesium)  can  be  (invent. 

4.  If  .1  precipitate  forms  only  after  ttandina  tome  time,  barium  is  absent,  strontium 
is  present  and  ralrium  may  ba  present. 

B.    If  a  prtrifntatf  fori:  atelij.   hnriiim   i»  present   and  possibly   the  other 

member))  of  the  group  a*  well.  Thin  preliminary  test  with  calcium  mjlfate  SohlttoB 
is  rery  useful.  It  must  be  remembered  in  making  this  test  that  5  oc.  of  saturated 
calcium  sulfate  solution  <<>ntnin  only  3  rug.  of  calcium  ions  so  that  a  large  precipitate 
cannot  he  obtained  with  this  reagent  even  when  much  barium  is  present;  10  rugs,  of 
barium  will  give  the  maximum  possible  precipitate  with  5  ce.  of  ealeium  sulfate 
reagent. 
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6.  Treat  the  remaining  residue,  which  must  be  perfectly  dry.  with  a  little  abso- 
lute alcohol,  stir  with  a  gifts*  rod  and  |*nir  the  alcohol  through  a  filter  which  has 
Iwcn  wet  with  almolutc  alcohol,  catching  the  filtrate  in  a  ■mall  porcelain  onii-il  .1.-. 
If  any  calcium  was  present  m  the  onginul  residue  of  nitrates,  some  of  it  will  have 
hwi  dissolved  hy  the-  alcohol. 

7.  Evaporate  the  alcoholic  subitum  to  dryness,  wipe  out  the  criiril.lc  with  n 
piece  of  filter  paper  containing  no  calcium,  fold  the  paper  and  fasten  it  U>  n  platinum 
wire.  Burn  the  paper,  moisten  the  ash  with  hydrochloric  arid  and  hold  it  in  the 
non-luminous  flame.     The  presence  of  calcium  is  thou.it  by  a  brick-rat  flame  coloration. 

8.  If  calcium  is  found  to  be  present,  repeat  the  treatment  of  the  original  nitrate 
residue  with  absolute  alcohol  several  times  to  dissolve  out  all  the  coli-mm  nitrate. 
Then  mix  the  remaining  residue  with  an  excise,  of  ammonium  chloride  and  heat  until 
no  more  ammonium  fumes  nre  evolved.  By  this  operation  the  nitrates  are  eon- 
verted  to  chlorides.  The  nitrogen,  which  ha*  a  negative  isilarity  ul  three  in  aiiimn- 
n:<iio  i  hlnndc  (having  four  negative  valences  and  one  positive.)  is  oxidised  by  the 
riuinnuevftlent,  positively^  barged  nitrogen  of  the  nitrate  and  the  product  »f  this 
oxidation  and  reduction  is  nitrogen.  At  the  same  tunc  the  rioinitively-eharKed 
chlorine  is  oxidized  by  the  nitrogen  of  the  nitrate,  forming  free  ehlorinn  and  nitric 
ootid*,  the  latter  escaping  partly  m  Klcfa  tad  partly  oxidising  the  nitrogen  of  the 
ammonium.  The  oxidation  of  ammonium  chloride  requires  four  positive  charges 
<'l  electricity;  the  nitrogen  "f  the  strontium  nitrate  limes  live  pyitive  •  h:irgca  if 
reduced  to  nitrogen  and  three  if  reduced  to  NO.  Assuming  a  complete  reduction 
to  nitrogen,  the  equation  is 

2Sr<NQ,),  +  0  NH.C1  -  2 SrCl,  +  5  N,  T  +  CI,  f  +  12  H£; 

aaauming  the  nitrate  reduced  only  to  nitric  oxide,  NO. 

Sr(NO,),  +  2NII,C1  -  .SKI.,   f  4  HjO  +  2NO  T  +  Nt  N 

It  is  alno  easy  to  change  the  nitrate  to  chloride  by  evaporation  with  concentrated 
hydrochloric  acid  (cf.  p.  60). 

9.  Treat  the  residue  of  chlorides  with  a  little  00  |jct  cent  alcohol  (by  volume) 
exactly  as  described  above  and  test  the  alcohol  solution  for  strontium  by  the 
flame  test;  n  .'  culnruii'm  hoVH  the  pretence  of  strontium.  Wash  any 
residual  chloride  with  SO  per  cent  alcohol  to  dilutive  out.  all  the  ntn>ntium  ■•hlorifli; 
and  test  the  residue  likewise  in  the  flnnic  for  barium;  a  j/eUowuh-ffrreri  coloration 
snout*  fan  urn.  If  there  m  sufficient  residue,  dissolve  it  in  a  little  water  and  a  little 
acetic  acid,  boat  to  boiling  and  test  for  barium  with  potassium  chromate  solution: 
a  yellow  precipitate  at  this  stage  of  the  analysis  is  positive  proof  of  the  presence  of 
barium. 

The  above  method  of  analysis  is  based  on  the  assumption  that  the 
alkaline-earth  carbonate*  were  formed  under  conditions  such  that  only 
barium,  strontium  and  calcium  are  present  in  the  carbonate  residue  or 
precipitate.  If  the  ammonium  carbonate  is  added  under  the  conditions 
described  on  p.  104,  the  magn— iim  will  be  precipitated  as  carbonate, 
together  with  calcium,  strontium  and  barium.  The  following  method 
of  analyzing  this  ftroup  has  been  totted  thoroughly  by  A.  A.  Noyce* 
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REACTIONS  OF  THE   METALS 


and  his  students  and  permit.*  the  identification  of  as  little  as  1  mg.  of 

any  roust  it  tu-nt  in  the  presence  of  500  mgs.  of  any  other  member  uf  the 

group. 

TABLE  V.— ANALYSIS  OF  GROUP  IV 

METHOD  B 


Si.lniii.il  iniiv  .'oiiiiiiri:    Ba*-*-,  Sr+-r.  Mg++,  K+,  Xa+-,  NIL"*".     Concentrate  to 
10  CC.\    add  15  <C*.   {NHthVOi  rcagcil.  or   '""••    if  nerexxnry,  ami  mi  equal  volume  uf 

CtlfiUH.  Stir.  let  '■land  80  minti*  a  and  Silt  i .  '/>.,,•  flltraU  for  iV«+  and  n,*-*-  accord- 
ing to  Table  II,  p.  104.  Disnoltr  Ol*  precipitate,  which  imvi  contain  BaCOt,  SrCOt, 
CaCO,  and  UgCO,-(.\'H,hCOl,  -AHJ3,  in  0-nortnal  //tVLO,,  add  A7LCj//,Oi  and 
AVVO,.    (l) 


Proelpl luir t 

BftCrO,.  DinAolt* 
h     nri.    Bvap- 

orate    to    drv 
Test     pmj&h      •■ 
flame,    lr<at 
3  re.   <i1  (rnarmal 
IK\H,0,,    20  68, 

(i/  8-fl  II  I  »i  'i  I 

\ii,c:ii..<>,    and 

15  cc.  o/  tca/er. 
//raf     to     boiling 

u.'i'/         <^il/  iri/'i 

KjCrOt    tolutiu'l. 

Yellow  prccipi- 
tate  is  BaCrO* 
(2) 


Filtrate  Bi * +,  Ca++.  Mg++.  Add  NHtOH.  Dilute  to  05  cc. 
and  add  SO  cc.  CtH>OH.  Shake  the  solution  with  filler  paper 
pulp  and  filter.     (3) 


P  r  e  i!  i  p  i  t  a  I  e  : 
SrCrO,.  Soil 
,nih  {JfB 

(),.  Fit- 
in-  ii  nd  reject  the. 
fi.lt  r  rite.  Dis- 
solve   rr.tiduc  in 

at  normal 
HCiff&i     and 

add  2  cc.  of  nor- 
mal \'a\SO,  so- 
lution.       While 

preolpll  ;i  i . 

of  MSCi, 

.Sr    is    present. 

n, 


Dilute  with  50  cc.  of  water,  add  3  cc.  of 
Z-normnl  KiCiOi.    Ifnpi  form*, 

add  more  K,CiO,  if  necessary,  heal  and 


V  re  i-  i  ji  i  t  ,il  ■•  : 
CaCiO..  Dim 

fat  fi  i-r.  uf  I't-iiur- 
mal  //;>'  'i  nnd 
add  20  drops  td 
'■.oil  White 
precipitate  is 
CaSti,      i .',) 


!•'  1 1  i  r:ii  e:  Mg++. 
Add  .V//.0//  anrf 
A '..  ■HPO,.       2Kt- 

aOMM  in  S  CC  «/ 
2-nurm«iZ  H,SO,. 
add  10. x.  CtBfOU 

and  filler  if  n<<- 
ettaru.  Add 
i\H,f>H  and 

NthHPO,.  Pre- 
<•  i  p  i  t  a  t  r  i  a 

MgNH.I'O.- 


PROCEDURE 

1.  Kvaporatc  the  filtrate  from  Croup  III  till  salt*  crystalline  out,  dilute  to  10  cc. 
if  necessary,  and  niter  off  sulfur  and  ammonium  salts.  Add  to  the  nitrate  15  cc.  of 
ft-norm.'il  (NH.)iOOi  rMfUl  and  lo  cc.  of  CiHtOB  IT  ■  Inrnf  praapltatfl  n  -uli- 
add  15  cc.  more  of  those  two  reagent*.  Shake  well  and  allow  to  stand,  with  000t> 
eional  shaking,  for  half  an  hour.  Filter  and  wash  with  a  little  of  the  ammonium 
carbonate  reagent.     The  filtrate  contain    » t ■■■  nlkali  ion». 

Dissolve  the  precipitated  liy  pouring   fflUall  pOfttau  tt  tot   acetic 

Hid  thiOUgB  the  filter  and  evaporate  the  resulting  solution  to  dryness  without  over- 
heating the  residue.  Moisten  the  residue  with  2  cc.  of  6-normal  HCiBiOi,  10  cc. 
of  3-normul  MIJMIA  and  10  co.  of  water.  Hf»t  t«>  l»>iliii«  nu<l  pn-ripit.-ii.-  the- 
Imriiirn  a*  eliminate  by  adding  hot  3-normaI  KjCrOi  solution,  drop  by  drop,  until 
no  further  precipitation  takes  place  and  the  solution  is  decidedly  yellow  in  color. 
Boil  gently  for  about  two  minutes  longer  and  filter  through  paper  capable  of  holding 
very  fine  crystals. 

2.  1/  a  considerable  precipitate  of  strontium  carbonate  is  obtained  hy  the  pro- 
cedure given  m  8  3  Mow,  it  is  possible  that  a  email  pr  >f  chroraatc  obtained 
in  (1)  may  tie  strontium  rhromate  and  it  is  then  necessary  to  try  a  confirmatory 
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test  for  barium.  Pour  through  the  filter  containing  tne  chromate  precipitate  rc- 
ptatcdly,  5  co.  of  hot,  6-normaI  HC1  and  evaporate  the  solution  just  to  dryness. 
Treat  the  residue  with  noetic  ucul,  ammonium  iiei-tate  and  potAssi'im  rhmmiitc 
solutloai  exactly  as  in  (1).  If  a  yellow  chromak;  precipitate  is  obtained  ngnin, 
haiium  b  present. 

3.  To  precipitate  the  strontium,  add  N1LOH  to  the  filtrate  from  (1)  till  the  color 

i  in  in  changes  from  orange  to  yellow  and  then  add  5  SO.  mure.  Heat  to 
about  65*  and  add  15  ec.  of  alcohol  in  5  M.  portions,  shaking  15  seconds  after  each 
lui-iitinn.  < '•  ml  sad aOon  bottaad  U  wut  B  tniimt,-.-».  If  oontidorabla  strontium 
chromatc  is  formed,  odd  5  cc.  more  of  potassium  eliminate  solution  and  15  co.  of 
alcohol.  Filter  with  auction  but  do  not  wash  the  precipitate.  Plncc  the  fill  cite 
aside  for  the  calcium  and  magnesium  teats  (f  5). 

4.  Pour  repeatedly  through  the  filter  containing  the  strontium  chromatc  pre- 
cipitate a  10  cc.  portion  o(  Uiiling-hot  water.  Add  exactly  1  00.  of  3-normal  NojCOi 
solution  and  12  ec.  of  3-normal  K»C,0,  and  boil  gently  for  5  minutes  in  a  covered 

OOMqW.       PQtOI    ■.-■•  1 1  :i  I  ■  -    li'il    tod    reject    bhC    hllr.Ll'         The    pii-.  i|  nl  1 1 » '  •    \wl!    cnt'iin 

the  strontium  as  carbonate  and  any  contMiniii.it  log  Mldm.  will  bt  present  as  oxalate. 
Wash  the  precipitate  thoroughly  with  water  and  dissolve  the  carbonate  in 
fi  cc.  of  cold,  normal  UCiHM.  To  the  solution  add  2  ec,  of  normal  sodium  sulfate 
solution,  heat  to  boiling  and  allow  to  Btand  10  minutes.  A  whito  precipitate  of 
strontium  sulfate  shows  the  presence  of  strontium. 

5.  Dilute  the  ammoniacal  filtrate  from  (3)  with  50  cc.  of  water,  add  just  3  cc.  of 
3-normol  KjCjO,  solution  and  allow  the  mixture  to  stand  at  Ieoat  15  minutes.  If 
there  is  uo  precipitate  »i  <-i|,  mm  oxalate  formed,  pass  on  to  (6). 

If  a  precipitate,  is  obtain  d,  hlti  i  he  mixture  to  boiling  and  add  3-10  cc.  more  of 
the  KiCiOt  reagent.  according  to  the  siwi  of  the  carlsjnatc  precipitate  obtained 
in  (1).  Heat  5  minutes,  filter  and  wash  with  hot  water.  Test  the  nitrate  for  mag- 
nesium according  to  (6).  Treat  the  precipitate,  or  a  small  portion  04  u.  irith  5  cc. 
■  ,\  ii-iki;i:m  ii. ..si  i<  t,>  which  L'l)  drop*  uf  alcohol  have  l)een  added.  Add  10 cc.  more 
of  alcohol  and  let  the  mixture  stand  for  several  minute*.  A  white  precipitate  of 
calcium  sulfate  shorn  the  presence  of  calcium. 

6.  To  test  for  magnesium  ion.«,  idd  15  cc  of  15-normnl  NH.OH  and  25  cc.  of 
normal  NajHPO,  to  the  filtrate  from  the  ,K,(':<),  treatment  (5).  Cool,  shake  and 
allow  to  stand  at  least  30  minutes.  Filter,  reject  the  filtrate  and  wash  the  precipi- 
tate once  with  alcohol.  To  confirm  the  magnesium,  dissolve  the  precipitate  in  5  cc. 
of  2  N  sulfuric  acid,  add  20  cc.  of  alcohol  and  stir  well  for  two  or  three  minutes. 
I  ill,  r  off  any  calcium  sulfate  that  may  form,  and  repeat  the  precipitation  of  the 
magnesium  as  phosphate  <nf.  p.  1 

COMPARATIVE   SOLUBILITIES  OF   ALKALINE  EVHTH   SALTS 
The  numbers  in  the  tabifl  show  the  solubility  in  milli-equivalents  per  liter  at 
20a.     The  letters  vs.  (very  soluble)  denote  more  than  1  equivalent  per  liter. 


He 

C 

8r 

B* 

v.s. 
v.«. 
20 
03 
38 
50 

30 
60 
0  1 
45 

0  4 
0  00 

1  5 
12 
0.2 
130 
1.9 
05 

002 

0  03 

Carbonate   .                    

02 
450 

18. 
OS 

'1 
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TABLE  VI.  -  ANALYSIS  OF  CROUP   IV 

IIKTHOD  C 


Solution  may  contain:  Bn++t  8H-h  Ca++,  Mg++,  No+,  K,  NH4+.  Addb!H,OH 
and  (Ntli)iCOl.  Fitter  and  examine  JiltraU-  as  m  Method  A  p.  118.  Dissolve  car- 
bonate* of  Ba,  Sr  and  Ca  in  hut,  dilute  HCiHiOi  and  add  \UtCtn,Oi  and  KiCrOt.     (1) 


Precipitate:  BaC-n. 

Dissolve  in  HCl,  evapo- 
to  dryness  and  lest 
vi  the  flame.  QreOD 
color  shows  Ba  is  pres- 
ent.    (2) 


Filtrate:  Sr++,  C»++.  Aid  (NH,)rCO,  to  reprecipi- 
tale  llie  carbonates .  Dissolve  carbonates  in  dilute  HCl, 
boil  off  COt;  add  NH,OH  and  K,\fc(CN)t).     (3) 


Precipitate: 

CaK.Fe(CN),. 


Filtrate:  Add  (NH,),CO,. 
A  white  precipitate  of 
SrCOi  shows  Sr  is  pres- 
ent.    (4) 


PROCEDURE 
1.    Proceed  as  in  Method  A  (1).  but  diswolvo  the  precipitated  carlionatcs  in  hot, 
dilute  acetic  acid.     Evaporate  tlie  solution  nearly  to  dryness,  in  order  to  remove 

llli    e\,'i  ..<    I'lii,  • !  1 1 1 1  r  <■  u  1th  w:ili  r  to  :i  volutin*  m  ulimil   '-'"  IT.  ami  filter  it  rnir-jry 

lli  at  io  boiling,  add  two  or  throe  drops  of  acetic  arid  if  necessary,  and  potassium 
chrotnatc  solution  cnoujsh  to  color  the  solution  yellow.  If  the  solution  smells  of 
acetic  acid,  add  a  little  more  potassium  chromate.     After  an  hour  examine  carefully 

In  in-  uln.'tlu-r  any  precipitate  ui  I  i:.( '  r<  >,  DM  i'  >r  m.-i  I .  If  [hi-  i-  the  i  •■««',  lilli  r  :■  1 1- 1 
lu*  filtrate  fur  r.iln  urn  anil  strontium  iw  di'scnlicd  in  §  3.  In  ease  a  small 
precipitate  is  formed  it  may  !>o  due  to  strontium.  To  confirm  the  barium  test, 
diwolvr  the  HaCrO(in  5  cc.  of  hot  HCl,  evaporate  to  drynwis  in  a  small  porcelain 
dish  and  test  with  the  flame  with  the  aid  of  a  clean  platinum  wire,  which  is  first 
moistened  with  HCl  and  heated  in  the  flame  until  no  coloration  is  obtained. 

3.  To  the  nitrate  from  the  KiOO,  precipitation,  add  (NH.)iCO,  solution,  heat 
nearly  to  boiling  and  allow  to  stand  at  least  10  minutes.  Filter  and  wash  the  pre- 
cipitate with  a  little  hot  water.  Dissolve  the  precipitate  in  a  little  dilute  HCl,  make 
alkaline  with  XI-L.QII,  heat  to  boiling,  add  concentrated  K«[Fe(CN)«]  solution  and 
■gain  heat.  If  n  precipitate  form*,  showing  the  presence  of  calcium,  filter  sod  teat 
the  filtrate  for  strom 

4.  Add,  if  necessary,  a  little  more  K,Kc(CN),  to  make  sure  that  all  calcium  was 
precipitated  Then  add  (NH.)iCOi  and  allow  the  solution  to  stand  for  some  time. 
This  should  be  SrCOi.  In  ease  the  precipitate  ix  very  .-.mall  test  it  in  the  flame  an 
in  the  barium  teat.     A  bright  red  coloration  ahows  the  presence  of  strontium. 

Traces  of  alkalies  and  alkaline  earths  are  recognized  best  by  means  of 
the  spectroscope.  At  this  place,  therefore,  a  brief  description  of  spectro- 
wsopic  analysia  will  be  given, 

Spectroscopic  Analysis  (Bun sen  and  Kirchhoff,  1865) 

If  a  ray  of  white  light  is  passed  through  a  glass  prism,  not  only 
is  the  direction  of  the  ray  changed,  but  the  white  light  is  decomposed 
into  colore;  it  suffers  dispersion.     It  will  be  found  that  the  red  rays 
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are  deflected  least,  while  the  violet  rays  are  deflected  moat.  The 
picture  obtained  the  ipeotram  —  if  projected  on  »  Boraan  (Fig.  •>), 
does  not  show  the  colors  sharply  separated,  but  merging  into  one 

another.  Such  ;i  spectrum  is  called  a 
Continuous,  or  uninterrupted,  spec- 
tun  n.  Every  glowing  solid  or  liquid 
fhiiii)  mills  whili  tii/lit;  tki  .'in <  tin  nh- 
taincd  in  all  such  cases  mil  be  continu- 
ous one*.  Glowing  vapors  and  gases 
behave  quite  differently.  They  i  lo  riot 
emit  white  light,  but  light  eompOBtd 
of  ra^  of  definite  wave  lengths,  which 
are  characteristic  for  each  gas  and  for 
each  vapor.  The  light  emitted  from 
glowing  vapors  or  gases,  when  de- 
composed by  the  prism,  yields  00  the 
aereen  a  discontinuous  or  interrupted 
spectrum.      If    the    light    is    passed 

t lin nigh  a  fine  slit  before  reaching  the  prism  tin-  spectrum  will  be 
found  to  consist  of  a  greater  or  leas  number  of  colored  lines  which 
always  appear  in  the  same  place  with  any  given  substance,  provided 
the  prism  or  its  position  is  not  chunged.     In  order  to  determine  the 
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exact  position  of  these  lines,  we  make  use  of  the  spectroscope  of  Bun- 
sen  and  Kirehhoff  (Fig.  6).  Fig.  7  shows  a  cross-section  of  the 
apparatus. 

The  substance  to  l>e  examined  is  placed  in  the  loop  of  a  platinum 
wire  and  introduced  at  A  into  the  non-luminous  gas  flame,  by  means 
OJ   which  it  is  volatilized.     The  rays  of  li^ht  pass  through  the  slit 
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into  the  tube  Sp,  reach  the  prism,  by  which  the  rays  arc  refracted 
into  the  telescope  C  (the  collimator)  and  are  observed  at  D.  Upon 
a  glass  plate  at  the  end  of  the  tube  Sk  is  a  transparent  scale,  which  is 


illuminated  by  a  small  flame  at  B.  This  tube  is  so  inclined  toward 
the  face  aa  of  the  prism  that  the  rays  of  light  from  this  tube  are  totally 
reflected  into  the  tube  C,  and  reach  the  eye  of  the  observer;  thus  the 
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rays  from  the  substance  appear  at  a  certain  position  on  the  scale. 
As.  however,  the  petition  of  the  lines  depends  upon  the  dispersive 
power  of  the  prism,  and  upon  its  angle  of  refraction,  it  is  clour  that  the 
position  of  the  lines  will  be  somewhat  different  in  different  spectro- 
scopes. As  every  ray  has  a  definite  wave  length,  it  is  better  to  give 
the  wave  lengths  of  the  rays  which  appear,  rather  than  their  position 
on  the  scale. 

Wave  lengths  are  expressed  in  millionths  of  a  millimeter,  called 
in icromilli meters,  and  designated  as  mm- 

The  following  values  for  the  wave  lengths  of  the  various  lines  in 
the  spectrum  are  taken  from  the  most  accurate  measurements: 

Red  rubidium  line Rbj       ■  795.0  mm 

rubidium  line 11  by       =  781 . 1  mm 

potassium  double  line K,    \        ,     "  . 

=  760 . o  MM 

lithium  line Li*  =  670  8  mm 

cadmium  line  • CdT  =  643 . 9  mm 

Orangivyrllow  lithium  line Li,  =  610  8  mm 

Yellow  sodium  (middle  of  the  double  line).  .Na  =  589.3  mm 

Green  calcium  line Caj  =  554.4  mm 

thallium  line Tl  =  535.0  mm 

cadmium  line  • Cd*  =  508.6  mm 

Blue  cadmium  line  • Cd^  =  480. 0  mm 

cadmium  line  * City  =  467.8  mm 

strontium  line Sr»  =  4(H). 7  mm 

cesium  line Cbj  =  4.19  3  mm 

cesium  line Cs.  —  455.5  mm 

Blue-violet  indium  line In.  ■  451 . 1  mm 

Violet  rubidium  line Rb*  =  421.5  MM 

rubidium  line Rl>.  =  420.2  mm 

indium  line In*  =  410. 1  mm 

potassium  line K*  =  404.4  mm 

H  (Frauenhofer  C  line) =  396.8  mm 

Let  us  assume  that  the  foregoing  lines  were  observed  at  the  following 
positions  on  the  scale:  K.  at  17,  K#  at  154,  Li*  at  32,  Na  at  50,  Tl  at 
68,  Sr,  at  101,  In.  at  111,  and  In,  at  149. 

If  now,  upon  s  rectangular  system  of  coordinates,  we  plot  the  wave 
lengths  as  ordinate*  and  the  corresponding  scale  divisions  as  abscissas, 


•  lite  cadmium  lines  ran  be  *rrn  diHtinrtly  only  in  spark  xpectla. 
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and  connect  the  points  of  intersection,  wti  shall  get  ft  curve  *  which 
expresses  the  relation  between  the  wave  lengths  and  the  correspond- 

ing  divisions  on  the  scale  (Fig.  9). 
We  ■•an,  without  .serious  error,  regard 
the  portions  of  the  curve  between 
two  points  of  intersection  as  propor- 
tional to  the  corresponding  acale  di- 
visions. 

The  use  of  the  rum-  may  1m-  illus- 
trated by  ;t  single  example: 

Suppose  we  observe  at  the  division 
60  of  the  scale  a  line  x.  What  is  the 
corresponding  wave  length?  The  line 
lies  between  the  sodium  and  thallium 
lines,  which  are  of  known  wave 
lengths. 


Tin-  sodium  line  lies  at  division  50  and  corresponds  to  589.3  pp 
The  thallium  line  68  535.0  wi 

Consequently  18  scale  ilivisirms  =     54. .'1  pp 
and      1  scale  division  =      Z  017  pp 
The  line  i  is  at  60  =  50  -f  10  divisions,  and  these  correspond  to 
Division  50    =  589.30  pp 
10  divisions   =    30.17  pp. 
Division  60    =  559.13  km 

•  The  curve  w  ordinarily  drawn  •  •"!'.  I Eb)  mm  lengths  lying  between  80O-400>*/» 
Ix-cause  only  thc-«c  light  iayn  an-  visible  to  the  eye  The  rays  of  shorter  wave 
length  tlmn  400  wj  are  railed  idlni-noUl  raya  and  thane  longer  than  H00  ««  urr 
kuuHu  a»  ultra-red  rays.     The  former  can  be  dcteot«d  by  their  action  upon  photo- 

|Mphifl  |ililt«i.  and  the  latter  by  their  f  lu-rinie  i-lli'cl  or  I iv  (heir  ii. 'in. n  ujmn  •i»i'i:ilK 
prepared  photoKr:i|;hi.    p Litest. 
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The  scale  divisions  increase*  in  their  value  as  the  wave  lengths 
ilmiinish,  ho  that  we  subtract  the  30.17  from  589.3. 

The  gpectni  obtained  M  described  kbora  wn  very  beautiful,  but  usually  of  abort 
duration.  More  permanent  sjMvtnt  may  tit-  olitriiniil  with  tin-  aid  of  the  Beekmann 
burner.*  Fin;.  8,  p.  124.  From  one-half  to  1  Oft  of  the  «nlt  solution  to  be  touted  i* 
placed  in  the  nlasa  venae!  Q,  the  gas  is  lighted,  and  a  Rood  blast  of  air  introduced  at  B. 
Ily  means  of  the  air  current,  a  little  of  the  solution  is  carried  mechanically  over  into 
the  burner  in  the  form  of  spray,  urid  thus  the  salt  reaehe-i  I  In  iiiui-luininoils  flame. 
In  tin*  way  it  ik  ixwxilile  to  net  «  fairly  permanent  upectnifi)  by  the  use  uf  only  a 
few  milligram*  of  mihatnnee.  There  is  then  plenty  of  time  to  ntufce  the  measure- 
ments without  having  to  stop  ami  rflptaflMl  the  sample. 

Mi-n.tiiriiin   Our  /.iiii-.v  and   Barui*  of  the  Spectrum 

The  correctness  of  a  curve  of  wave  lengths,  prepared  as  just  de- 
•eribad,  depends  upon  the  accuracy  with  which  the  observed  lines 
or  bands  are  measured.     To  insure  accuracy,  all  the  better  forms  of 
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Flo.  10.  —  Portion  with  un- 
symmctrieal  slit. 


Fta.  11.  —  Position  with  sym- 

nii'irii'iil  hIh 


apparatus  are  provided  with  cross-hairs  in  the  ocular,  and  the  cross 
must  each  time  be  made  to  cover  a  definite  part  of  the  line  to  be  meas- 
ured. The  choice  of  such  position  depends  upon  the  construction  of 
tnc  slit  at  the  end  of  the  spectroscope.  If  the  apparatus  is  provided 
with  an  unsym metrical  slit,  i.e.,  one  of  which  only  one  side  is  movable 
while  the  other  remains  in  a  fixed  position,  then  the  reading  should  be 
made  with  the  cross-hairs  coinciding  with  the  edge  of  the  hand  on  I  hi 
immovable  side  of  the  slit.     .Such  a  position  is  shown  in  Fig.  10,  in 

•  Cf.  Z.  phu».  Ota*..  11,  472. 
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which  it  is  assumed  that  the  right-hand  side  of  the  slit  is  immovable. 
In  the  case  of  a  symmetrica]  slit,  i.e.,  one  in  which  both  sides  of 
the  slit  open  and  close  symmetrically,  the  eross-haira  must  be  made  to 
meet  in  the  center  of  the  line  to  be  measured  (Fig.  11). 


Flo.  13.  —  Cylinder  (enlarged). 


Fia.  14.  —  Ocular  with  uteel  point 
Will  mirror 


The  measurement!  oan  be  made  more  readily  ind  more  eoeuratety 

by  the  Bid  Of  Hilger's  Wave  Length  Bpeetnwoope  (Kg.  12).  In  ihi* 
apparatus  the  teleacope  and  cotthaator  are  both  fixed  in  position,  but 
the  pn- in  ■■■in  be  rotated  by  means  <>f  ■  cylinder  upon  vbiefa  is  engraved 
a  very  exact  wave-length  curve  (Fig.  18).  The  pointer  of  the  cylinder 
give?*  iln  desired  wuvt:  length  with  an  accuracy  of  ±0.2  hm. 
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'or  the  rapid  adjustment  of  the  apparatus,  the  ocular  ihown  in 
Fir.  14  is  convenient.  In  this  ocular  there  is  a  very  fine,  polished  steel 
point  beneath  the  cross-hairs;  it  is  lighted  from  the  outside  by  DBMtU 
of  a  small  mirror  so  thai   il  i     *oen  very  distinctly.      This  point  la  BWdfl 

to  coincide  with  the  desired  edge,  or  the  middle  of  the  line,  and  then 
only  the  final  adjustment  is  made*  with  flic  cross-hairs. 

It  is  not  possible  to  volatilize  all  substances  in  the  gas  flame.  The 
non-volatile  substances  will  not  give  any  flame  spectra,  but  by  means  of 
lectric  spark  they  will  l>e  volatilized  enough  to  give  spark  spectra. 
As  the  determination  of  their  spark  spectra  furnishes  the  only  method 
by  which  the  purity  of  many  substances  may  be  tested,  the  met  hods  for 
the  production  of  spark  spectra  will  lx»  outlined  briefly. 

The  apparatus  invented  by  Bunsen  consists  of  two  platinum  wires 
which  are  each  attached  at  one  end  to  conical  pieces  of  charcoal.  The 
latter  are  soaked  with  a  solution  nf  the  substance  to  be  tested.  The 
two  carbon  paints  are  now  placed  opposite 
to  one  another,  quite  near  together,  and  the 
other  ends  of  the  platinum  wires  are  con- 
nected with  an  induction  coil,  which  causes 
sparks  to  pass  between  the  two  carbon  points, 
volatilizing  some  of  the  salt.  If  now  the 
sparks  are  viewed  through  a  spectroscope, 
a  large  number  of  lines  will  be  seen,  of  which 
only  a  part  are  produced  by  the  substance 
itself,  Some  nf  the  lines  are  caused  by  the 
urban  point-  end  some  by  the  :dr.    In  order 

to  determine  which  lines  are  caused  by  the 

substance  t  hat  is  being  tested,  the  experiment 
is  first  performed  without  using  any  of  the 
substance,  and  the  spectrum  thus  obtained 
is  either  drawn  or  photographed.  The  ex- 
periment  is  then  performed  with  some  of  the 
-alt  impregnated  in  the  carbon  points  and 
the  new  lines  in  the  spectrum  will  be  caused 
by  the  substance. 

Spark  spectra  can  be  more  conveniently 
produced  by  means  of  the  so-called  "  fulgu- 

rator"  of  Dchichanel  and  Merinet ,  as  shown  in  Fig.  15.  The  salt 
solution  is  in  a  test-tube,  so  that  the  slit  of  the  spectroscope  cannot 
be  contaminated  with  the  spattered  particles  of  the  salt. 

The  small  apparatus  of  H.  Dennis,  Fig.  16,  is  nlso  very  convenient 
for  producing  spark  spectra.     The  platinum  wire  i  is  fused  in  a  glass 
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tube  and  ends  in  a  point  of  Ceylon  graphite,  which  extends  up  out  of  the 
arm  6  of  the  apparatus.    Th<:  Upper  pole  fa  not  shown  in  the  illustration. 

To  fill  the  tube  m  with  the  salt,  solution  of  the  substance  to  be  tc; 
6  is  taken  away,  and  the  apparatus  is  inclined  to  the  left.  The  solution 
is  poured  in  at  the  upper  end  of  m,  when  .*  is  again  introduced  and 
shoved  down  until  it  reaches  nearly  to  the  bottom.  The  apparatus 
is  now  placed  in  a  vertical  position,  whereby  the  liquid  in  e  rises  until 
it  is  level  with  the  lower  end  of  s.  i  )n  raising  .s  the  liquid  will  rise  to  the 
upper  edge  of  e.  By  means  of  electric  sparks  from  the  carbon  point, 
enough  of  the  liquid  is  evaporated  to  give  the  desired  spectrum.  Care 
should  be  taken  to  prevent  any  spattering  of  the  substance  into  the 
slit  of  the  spectroscope. 

A  far  better  fulgurator  has  been  devised  by  R.  H.  Riesenfeld  and 
G.  I'futzer.*  As  anode  the  solution  of  the  salt  itself  is  used,  as  cathode 
a  thin  iridium  wire  which  almost,  touches  the  surface  of  the  liquid.  If 
an  electric  arc  is  produced  between  such  electrodes,  nearly  pure  spectra 
arc  obtained  without  lines  from  the  atmosphere.  In  this  way  even 
the  magnesium  lines  can  be  identified.  By  flame  spectra  with  the 
Bunsen  burner  only  0.2  tng.  Ca,  0.G  mg.  Sr  and  14  rngs.  Ba  can  be 
detected  with  certainty,  but  with  thia  fulgurator  0.002  mg.  Ca,  0.03 
mg.  Sr  and  0.006  mg.  Ba  can  be  detected  when  present  in  1  cc.  of 

water. 

To  examine  gas  spectra,  small  Geiasler  tubes  are  used  which  contain 
the  gas  to  be  detected  in  a  dilute  condition.  Besides  flame  spectra 
and  spark  spectra,  (here  remain  absorption  spectra  to  1m?  mentioned. 
If  white  light  is  passed  through  a  colored  solution  or  gas,  certain  rays 
arc  absorbed  by  the  liquid,  so  that  if  the  light  is  now  examined  in  the 
spectroscope,  these  rays  will  be  found  to  be  lacking.  We  see  a  bright 
spectrum  broken  by  black  bands  (absorption  bands)  which  are  char- 
acteristic for  different  substances.  Thus  solutions  of  permanganic  acid, 
neodymium,  praseodymium,  erbium,  and  many  other  substances  give 
characteristic  absorption  spectra.  These  absorption  spectra  are  often 
obtained  from  colorless  solutions. 

It  is  to  be  noted  that  an  absorption  spectrum  is  often  of  quite 
different  appearance  according  to  whether  the  solution  is  dilute  or 
concentrated.  In  measuring  absorption  bands  the  solution  should 
be  diluted  with  solvent  until  the  band  appears  in  the  form  of  as  fine  a 
line  as  possible  at  the  intersection  of  the  cross-hairs,  and  further  dilu- 
tion should  cause  the  disappearance  Of  the  band. 

The  same  end  is  easily  attained  if.  as  R.  Philip  has  suggested,  the 
concentrated  solution  is  placed  in  a  test-tube  and  covered  with  more 

•  tor.  1818,  3140. 
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of  the  solvent.  The  lowest  layer  then  gives  the  spectrum  of  the  con- 
centrated solution  and  it  becomes  more  and  more  dilute  in  the  upper 
portions. 

In  order  to  obtain  any  of  the  above  spectra  sharply  denned,  it  is 
necessary  to  have  the  spectroscope  properly  adjusted,  i.e.,  the  rays 
must  come  parallel  from  the  collimator  tube  into  the  telescope.  The 
telescope  is  removed  and  adjusted  for  parallel  rays  by  focusing  il  upon 
some  distant  object.  It  is  then  replaced,  the  prism  removed,  and  the 
collimator  tube  brought  exactly  opposite  the  telescope,  so  that  the  slit 
of  tfae  formal  COO  l>e  observed  by  the  latter.  The  collimator  tube  must 
be  lengthened  or  shortened  until  the  picture  of  the  slit  is  sharply 
defined.  The  prism  is  now  replaced  and  the  scale  tube  adjusted  until 
the  scale  also  can  be  seen  clearly  defined.  The  instrument  is  now 
ready  for  use. 

■ft 


Fig.  17 


The  direct-vision  pocket  spectroscope,  with  an  arrangement  of 
prisms  as  shown  in  Fig.  17.  is  very  convenient  for  ordinary  use. 

If  it  is  desired  to  photograph  a  spectrum,  the  telescope  tube  is 
replaced  by  a  camera  as  shown  in  Pig.  18.     Such  an  apparatus  is 


Fio.  18 


called  the  fepectrograph.  With  glass  prism  and  glass  objective  lens, 
the  spectrum  can  be  photographed  to  about  350  nn-  To  make  the 
ultra-violi't  part  of  the  spectrum  visible,  the  objective  lens  and  the 
prism  must  be  made  of  quartz  and  fluorspar,  whereby  it  is  possible  to 
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photograph  light  rays  of  about  200  mm-  For  observing  rays  of  still 
shorter  wave  length,  fluorspar  alone  is  requisite,  as  it  absorbs  the  ultra- 
violet rays  to  a  less  extent  than  quartz  does. 

To  photograph  the  ultra^red  rays,  specially  prepared  plates,  as  dis- 
covered and  prepared  by  W.  Abney,  are  necessary.* 

*  For  methods  of  quantitative  spectrum  analysis  consult  W.  Hempel  and  R.  L. 
von  Klemperer,  Z.  angew.  Chan.,  1910, 1756. 


GROUP   m.     AMMONIUM   SULFIDE   GROUP 

ALUMINIUM.  TITANIUM.  CHROMIUM.   IRON.   URANIUM.   ZINC, 
MANGANESE.    NICKEL.   COBALT 

ALUMINIUM,  Ai.     At.  Wt.  27.1 
8p.  Or.  2.5G-2.67.     If.  Pt,  =  658.7°  C. 

Occurrence.  —  Aluminium  occurs  very  extensively  in  nature,  prin- 
cipally in  the  form  of  silicates,  of  which  the  feldspar*  ami  micas  with 
their  decomposition  products  arc  important  examples: 

Orthoclase  (feldspar),  KiAla(Si»0|)j;  kaolin  (decomposed  feldspar), 
H4AI1S11O9;  inuscovite  (mica),  KHiAL^SitWs.  Impure  kaolin  is  called 
clay. 

Among  the  most  important  minerals  which  contain  aluminium 
may  be  mentioned  cryolite,  NaiAlF«;  spinel,  MgAliO<,  or  magnesium 
aluminatc,  which  crystallizes  in  the  regular  system  and  is  isomorpli- 
OtM  with  magnetite.  l'e«Fe»0,,  and  chromite.  Fc  •(>,(),;  alunite, 
KAli(.SO.|)i(OH)«;  aluminium  hydroxide  as  hydrargillite,  Al(OH)i, 
monoclinic;   bauxite,  HtAIjOt,  and  diaspora,  HAlOj,  orthorhombic. 

Corundum,  AljOi,  is  next  to  the  diamond  the  hardest  mineral. 
PUre,  transparent  corundum  often  has  a  Iwautiful  color  and  is  classed 
with  the  precious  stones.  Thus  the  ruby,  sapphire,  oriental  emcruld, 
oriental  topaz  and  amethyst  arc  marly  pure  corundum  colored  by  a 
little  Foreign  oxide.  Kmery  is  an  intimate  mixture  of  corundum, 
magnetite  and  iron  sulfide.  True  topaz  is  Ali(K,OH)iSi04,  turquoise 
is  A,   l  :i  1  ,l'(),  •  HA  w»d  g»rn«t  is  ohiefly  Ca»AU(8iO«),. 

Metallic  aluminium  is  now  madfi  on  a  large  smle  by  the  clectrol 
of  AI1O3  dissolved  in  a  hath  of  molten  cryolite.  It  has  a  silver-white 
color  and  is  only  slightly  attacked  by  exposure  t"  tin-  atmosphere. 
From  the  position  of  this  element  in  the  electromotive  series  (p.  41), 
the  metal  should  l)e attacked  readily  by  the  atmosphere,  and  the  reason 
it  is  apparently  unattacked  baa  been  proved  due  to  its  becoming  coated 
with  a  thin,  firmly  adherent,  protective  layer  of  oxide.  Aluminium  i- 
trivalent  in  all  its  compounds;  it  forms  only  one  oxide,  AM>,,  which 
ia  amphoteric.  The  metal  dissolves  in  acid  to  form  an  aluminium 
salt  and  in  caustic  alkali  to  form  a  soluble  aluminatc.  Aluminium 
readily  replaces  the  hydrogen  of  hydrochloric  acid,  but  it  dissolves 
leas  readily  in  dilute  sulfuric  acid  and  beeomea  passive  when  treated 
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with  nitric  acid.  One  theory  of  the  cause  of  passivity  is  the  formation 
of  a  closely  adherent  oxide  film. 

The  action  of  aluminium  ujwn  dilute  hydrochloric  acid  and  upon 
aqueous  solutions  of  caustic  alkali  is  expressed  by  the  following  ionic, 
equations: 

2  Al  +  6H+^2  A1+++  +  3  H,  T  , 

2  Al  +  2  0 H~  +  2  H,0  -» 2  AlO,"  +  3  H«  | . 

Aluminiura  salts  are  as  a  rule  colorless,  and  those  which  are  soluble 
in  water  show  an  acid  reaction  in  aqueous  solution,  on  account  of  tii-ir 
being  hydrolyzed  to  a  considerable  extent.  This  explains  the  fact 
that  on  evaporating  a  solution  of  aluminium  chloride  in  water  we  do 
not  obtain  aluminium  chloride,  but  the  insoluble  oxide,  or  hydroxide: 
A1C1,  +  3  HOH  «=±  Al(OH),  +  3  HC1. 

II it-  property  which  aluminium  possesses  of  forming  alums  is  very 
characteristic.  The  alums  are  double  salts  of  aluminium  sulfate  with 
the  sulfates  of  potassium,  ctesium,  rubidium,  or  ammonium,  of  the 
general  formula  RA1(S04),'12  H»0,  in  which  R  represents  one  of  tho 
univalent  metals  just  mentioned.  Similar  salts  in  which  the  aluminium 
is  replaced  by  trivalent  iron  or  chromium  are  also  called  alums.  The 
alums  crystallize  in  the  regular  system,  usually  in  octahedrons.  The 
common  potassium  alum  is  much  less  soluble  in  cold  than  in  hot  water. 
Thus  100  cc.  of  water  dissolve  10.7  gms.  of  alum  at  15°  C.  and  283  gms. 
at  1(H)0  ('. 

The  sulfide  of  aluminium  can  be  prepared  only  in  the  dry  way. 
It  is  a  palc-ycllow  substance,  which  is  decomposed  hydrolytically  even 
by  cold  water  into  hydrogen  sulfide  and  aluminium  hydroxide: 

A1,S,  +  6  HOH  =  3  H,S  +  2  Al(OH),. 

Aluminium  hydroxide  is  amphoteric;  toward  strong  acids  it  plays  the 
part  of  an  alkali,  toward  strong  bases  it  acts  as  an  acid. 

Reactions  in  the  If'rt   Way 

1.  Ammonia  produces  a  gelatinous  precipitate  of  aluminium  hydrox- 
nl'\  which,  as  a  colloid,  is  soim-what  soluble  in  water,  but  insoluble  in 
the  presence  of  urnmoniiii 

A1CU  +  3  NH.OH  =  Al(OH),  +  3  NH«C1. 

The   property    which    tin-  lim   hydroxide  shows   of   partly 

dissolving  in  water,  is  common  i<-  nil  eoQeidal  substances  (cf.  p.  58). 
When  dissolved  they  are  sometimes  said  to  exist  in  the  kydrosole  con- 
dition and  when  precipitated  as  hydrogeU. 

The  hydrosolc  form  of  aluminium  hydroxide  can  be  converted  into 
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hydrogeie  by  the  addition  of  salts,*  preferably  ammonium  salts.  If, 
therefore,  we  desire  to  j/recipitate  aluminium  from  a  solution  by  means  of 
ammonia,  ice  take  care  that  ammonium  chloride  is  present. 

The  freshly  precipitated  aluminium  hydroxide  is  readily  soluble  in 
dilute  acids;  but  af  tor  standing  some  time  in  a  salt  solution,  or  after 
long  boiling,  it  becomes  nun--'  ■  1  i tin -u  1 1  lv  suliiiilc.  so  ilmt  it  is  necessary 
to  digest  it  with  acid  for  a  long  time  in  order  to  bring  it  completely  into 
solution. 

Tfafl  solubility  product  of  aluminium  hydroxide  is  ro  small  that  it.  is 
precipitated  by  ammonia  even  in  the  presence  of  ammonium  salt. 
Aluminium  docs  not  show  a  tendency  to  form  soluble  complex  cations 
with  ammonia. 

2.  Potassium  or  Sodium  Hydroxide  produces  the  same  precipitate 
as  ammonia,  which  is,  however,  in  this  case  soluble  in  excess  of  the 
reagent,  forming  an  alkali  alummute: 

Al++++3()ir-*Al(OH),, 
Al(OH),  +  OH"  —  MO,"  +  2  H,0. 

If  dilute  acid  is  added  to  a  solution  of  an  aluminate,  there  is  formed 

at  first  a  precipitate  of  aluminium  hydroxide,  which  dissolves  on  further 

addition  of  acid: 

A10,-  +  H*  4-  H,0  -  Al(OH),, 

Al(OH),  -f  3  H+  —  Ah++  +  3  H,0. 

The  aluminatcs  are  also  decomposed  by  boiling  with  an  ammonium 
Hit, 

AIOT  +  NH.+  +  HiO  -» Al(OH)a  +  NH,  T  ■ 

Aluminium  hydroxide  is  soluble  in  neutral  tartrate*  of  the  allca- 
licn,  so  that  in  the  presence  of  tartaric  arid  then  will  be  no  precipi- 
tation on  the  addition  of  ammonia.  Consequently  the  aluminium 
is  present  in  such  a  solution  not  as  simple  aluminium  cations  but 
chiefly  as  complex  negative  ions: 

Al(OH),  +  CtHtO,"  -*C*H,(A10H)0r"  +  2  H,0. 
Many  other  organic  hydroxy-ncids  and  hydroxy-cornpounds,  such 
as  malic  and  citric  acids,  sugars  and  starches,  have  the  same  effect 
of  preventing  the  precipitation  of  aluminium  hydroxide  by  ammonia. 

3.  Ammonium  Sulfide  causes  precipitation  of  the  hydroxide.  When 
formed  in  the  dry  way,  aluminium  sulfide  is  completely  hydrolyzed  by 
water : 

AhS,  +  6  HOH  =  2  Al(OH),  +  3  H*S  T  • 


•  Tin'  prinaiplfl  w  illustrated  by  the  technical  procewof  "salting  out"  colloidal 
dye*  from  their  *oliinon», 
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The  aqueous  solution  of  ammonium  sulfide  is  in  equilibrium  with 
NH4OH  and  HSS  formed  by  hydrolysis.  There  are,  therefore,  enough 
OH"  ions  in  a  solution  of  ammonium  sulfide  to  cause  the  precipitation 
Of  Ahoil 

4.  Alkali  Carbonates  precipitate  aluminium  hydroxide  (hydrolysis) : 

2  A1+-H-  +  3  CO,"  +  3  HOH  —  2  Al(OH),  +  3  CO,  [ . 

6.  Barium  Carbonate,  suspended  in  water  and  added  to  the  solu- 
tion of  an  aluminium  salt,  also  precipitates  the  hydroxide: 

2  AI-h-*  +  3  BaCO,  +  S  HOH  —  3  Ba++  +  3  CO, }  +  2  Al(OH),. 

6.  Alkali  Acetates  produce  no  precipitation  in  cold  neutral  solu- 
tions, but,  on  boiling  the  solution,  a  very  voluminous  precipitate  of 
baaic  aluminium  acetate,  is  formed: 

A1+++  -f  3C-.H.O.-  =  .41(0,11,0.),  (in  the  cold), 

Soluble 


Al(C^H,0»),  +  2HOH 


/OH 

Al  -OH       +2H(',H,0,fon  boiling). 
\CftCfc 


If  the  solution  is  allowed  to  cool,  the  basic  aluminium  acetate  redis- 
solves.  The  reaction  is,  therefore,  a  reversible  one,  and  goes  more 
completely  from  left  to  right  according  as  we  increase  the  amount  of 
water  and  raise  the  temperature  (cf.  pp.  51  and  52). 

7.  Alkali  Phosphates,  e.g.,  NajHP04,  give  a  gelatinous  precipitate 
of  aluminium  phosphate: 

2  HPO« "  -+  Ar*++  -*  AlPO,  +  H3POr, 

or,  on  addition  of  ammonia. 

HPO"  +  NH,  4-  AI«-h--»  AIPO«  +  Nil/. 

Aluminium  phosphate  is  soluble  in  mineral  acids,  insoluble  in  acetic 
.triil  (differing  from  Ca,  Br,  Ba.  Mg).  but  readily  soluble  in  sodium  or 

mi  hydroxide  solutions: 

AIPO4  +  4  OH"  -*  AlOT  +  POT""  +  2  H,0. 

Oil  boiling  this  alkaline  solution  ('obtained  in  tin- hist  miction)  with 
ammonium  chloride,  a  precipitate  will  l>e  formed,  consisting  of  a  mix- 
ture of  aluminium  phosphate  and  aluminium  hydroxide  while  barium 
chloride,  on  the  contrary,  will  precipitate  barium  phosphate  from  such 
a  solution  and  leave  the  aluminate  dissolved. 

8.  Sodium  Thiosulfate,  NajSjOj,  completely  precipitates  the  alu- 
minium as  hydroxide  on  boilimr: 

2  Al+*+  +  3  SiOr  "  +  3  HOH  =  3  S  +  3  SO-  ]  +  2  Al(OH),. 


The  sodium  thiosulfatc,  being  a  salt  of  a  weak  acid,  servos  to  neu- 
tralize the  !I+  ions  formed  by  the  hydrolysis  of  the  aluminium  salt,  and 
the  free  HaSaO)  is  so  unstable  that  it-  breaks  down  into  S  and  SOj; 
equilibrium  is  disturbed   by  the.   [in  i.»n  of   (lie  Al(OH)s  and  S 

and  by  the  escape  of  SO»  gas. 

9.  Morin  in  alcoholic  solution  shows  a  green  fluorescence  when 
brought  in  contact  with  only  a  trace  of  neutral  aluminium  salt.  (This 
reaction  is  very  sensitive.)  Beryllium  salts  and  salts  of  the  rare  earths 
do  not  give  the  test.  Morin,  Ci»H»( )« •  2  H8U  or  C'i»Hi0Oj  •  2  HjO,  is  the 
■  •  I'  n  principle  of  old  fustic,  a  dyewuod.  Other  organic  dycstulTs  give 
more  or  less  characteristic  color  tests  with  aluminium.  Thus  Horsley 
and  SohomftOher-Koprj  *  recommend  tincture  of  enmpeche  wood, 
Luokon  t  uses  cochineal,  and  Attack  X  suggests  alizarine. 

Alixanne.  Ci»H«Oj(OH)t,  in  a  freshly-prepared  0.01  per  cent  solution  which  in 
O.ft-norrnal  in  aretio  acid  and  3-nonnul  in  sodium  acetate,  givivi  a  r«l  or  pink  color 
when  a  little  of  it  i«  udiliii  to  n  I'n  li  prccipitntr  nf  .ttuniirin mi  hyilru\u|rT.  If  a 
large  BWtipitatc  '*  to  he  tested,  shake  a  little  of  the  precipitate  with  filter-paper 
pulp  in  a  tost  tube  nnd  add  about  3  OQL  of  the  alizarine  reagent- 

HI.  Ether  precipitates  white,  crystalline  aluminium  chloride, 
AK'li  •  G  HjO,  from  a  con  cent  rated  solution  which  is  saturated  with 
HC1  gas.     Aluminium  may  be  separated  from  beryllium  in  this  way. 

11.  Oxalic  Acid  and  its  salts  do  not  form  precipitates  in  solutions 
of  aluminium  salts.  This  helps  to  distinguish  aluminium  from  certain 
rare  earths  of  this  analytical  group  (cerium,  lanthanum,  diilymium, 
and  erbium)  as  well  as  from  the  alkaline  earths. 

12.  Potassium  Sulfate  added  to  a  concentrated  solution  of  an  alu- 
minium salt  causes  the  formation  <.f  potash  alum,  KA1(S0|)2  •  12  H20. 
Crystals  of  similar  alums  can  be  formed  with  other  elements  of  the 
alkali  group,  particularly  rubidium  and  cesium.  The  last-mentioned 
element  forms  a  difficultly  soluble  alum. 

13.  Tincture  of  Alkanna  added  to  a  neutral  solution  of  an  aluminium 
salt  gives  a  reddish-violet  color  with  orange-yellow  fluorescence.  In 
a  dilute  solution,  characteristic  absorption  bands  are  obtained  in 
spectrum  analysis.§ 

Detection  of  Aluminium  in  the  Prenence  of  Organic  Substances 
ichieh   Prevent  the  Preeipitation   by  the  Above   Rift/tent* 

The  presence  of  tartaric  acid  or  other  non-volatile,  organic  hydroxy<om pound 
prevents  the  precipitation  with  abort  reticent*.     To  detent  the  prmenre  of  aluminium 

•  Z.tvuil.  Chm*  II,  222. 

f  Ibid..  3,  362. 

I  Cksm.  Zbner.,  1916,  1.  I7ti, 

|  Fom&twk.  Z.  anal.  Chem.,  8»,  418. 
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in  such  coses,  the.  organic  Hubstanr-e  must  ho  destroyed.  This  is  best  sccom- 
pltahed  as  follows:  Add  some  sodium  carbonate  and  a  Lttle  potassium  nitrate  to 
tlic  solution,  i  \"i|>or:ilr  to  dryness  in  a  plufiniun  dish.  :m«l  IfnItC  t hi-  rvsuluc.  whereby 
the  aluminium  becomes  aluminate  and  the  organic  suhstnnee  H  destroyed  with 
Bcporation  of  carbon.  Treat  the  residue  with  dilute  nitric  acid  and  filter;  the  alu- 
minium Roes  into  solution  as  nitrate  and  can  be  precipitated  with  any  of  the  above 
reagents, 

If  sufficient  nitrate  was  present,  the  carbon  will  be  completely  burnt  to  CO».  and 
the  residue  then  often  contains  undceow  potted  nitrate  or  nitrite.  It  would,  therefore, 
In-  unwi.se  in  ire  i  the  i  -nine  m  ihc  platinum  dish  with  hydrochloric  acid,  as  aqua 
regin  would  be  formed  and  the  platinum  would  be  dissolved.  Consequently  the 
residue  is  treated  with  nitric  acid  (or  with  hydrochloric  acid  in  a  porcelain  dish). 

When  strongly  ignited,  aluminium  hydroxide  loses  water  and  forms 
the  anhydride,  AlaOj,  which  is  scarcely  soluble  at  all  in  hydrochloric 
and  nitric  acids.  In  hot,  concentrated  sulfuric  acid,  with  a  little 
water,  it  will  dissolve  after  long  digestion.  Ignited  aluminium  oxide, 
as  well  as  the  mineral  corundum,  is  most  readily  brought  into  solu- 
tion by  fusion  with  potassium  pyrosulfate.  The  fusion  is  accom- 
plished in  the  following  way;  Take  twelve  times  as  much  fused 
potii.ssii.im  ;icid  -ulfatc  as  there  is  oxide  to  get  into  solution  and  heat 
it  by  itself  in  a  large  platinum  crucible  over  a  small  flame.  The  acid 
potassium  sulfate,  melts  readily,  at  about  300°  C,  gives  off  water 
(causing  frothing),  and  becomes  changed  into  potassium  pyrosulfate: 

2  KHSO«  -»  H,0  +  KjSjOj. 

As  soon  as  the  frothing  has  ceased,  the  transformation  into  potas- 
sium pyrosulfate  is  complete.  Add  the  dry  aluminium  oxide  to  the 
crucible  and  continue  heating  until  the  melt  begins  to  solidify  (showing 
that  a  considerable  amount  of  potassium  sulfate,  which  melts  much 
more  difficultly  than  the  pyrosulfate,  has  been  formed),  then  raise  the 

temperature  and  continue  hcuiitm  until  tl xide  hits  dissolved  clear  in 

the  merit..  By  heating  the  pyrosulfate,  SOi  is  given  off,  which  at  the 
high  temperature  is  very  active: 

KAO,  =  Ka804  +  SO,. 

If  the  heating  is  too  rapid,  much  of  the  SO,  is  lost. 

After  the  reaction  is  complete,  the  melt  contains  the  aluminium  as 
aluminium  sulfate  in  the  presence  of  potassium  sulfate, 

3  K,S,Oj  +  AliOi  =  A!s(S0«)s  +  3  K,SO«, 

and  both  of  these  substances  can  be  dissolved  by  water. 

The  ignited  aluminium  oxide  can  also  he  brought  into  solution  by 
fusion  with  caustic  alkalies: 

AljO,  +  2  KOH  =  2  KAIO.  +  H,0. 
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This  last  operation  is  usually  carried  on  in  a  silver  crucible,  never  in 
platinum,  aa  the  latter  would  be  strongly  attacked. 

Native  AljOj  (corundum,  ruby,  sapphire,  emery)  can  be  completely 
brought  into  solution  by  fusion  with  potassium  pyromilfate. 

Reactions  in   the  Dry  Way 

Aluminium  compounds,  on  being  heated  with  sodium  carbonate  on 
charcoal  before  the  blowpipe  give  a  white,  infusible,  brightly  glowing 
oxide,  which,  when  moistened  with  cobalt  nitrate  solution  and  again 
heated,  becomes  a  blue  infusible  mass  (Thcnard's  blue): 
AlaO,  4-  CoO  -  CoAl,0«. 

In  carrying  out  this  test  it  is  extremely  important  not  to  use  au 
excess  of  cobalt  nitrate,  for  this  salt  leaves  black  cobalt  oxide  behind  on 
ignit  ion  and  when  an  excess  is  present  it  entirely  obscures  the  blue  color 
of  cobaltous  aluminatc. 

The  test  is  usually  applied  to  a  precipitate  of  aluminium  hydroxide. 
A  good  way  to  carry  out  the  test  is  as  follows:  Dissolve  the  precipi- 
tate in  5  cc.  of  6  N  nitric  acid  and  add  to  the  solution  half  as  many 
small  drops  of  1  per  cent  cobalt  nitrate  solution  aa  there  are  presum- 
able milligrams  of  aluminium  present.  Evaporate  the  solution  nearly 
to  dryness,  add  a  few  drops  of  water  and  moisten  a  roll  of  filter  paper 
with  the  concentrated  solution.  Heat  over  the  flame  until  the  paper 
is  entirely  consumed  and  then  vory  strongly. 

TW-nard's  blue  is  infusible.  If  a  fused  mass  is  obtained  in  thia  test, 
the  presence  of  aluminium  is  doubtful,  because  all  fused  glasses,  such 
as  borax  beads,  sodium  phosphate  beads,  etc.,  are  colored  blue  by 
cobalt  oxide.  The  blue  color  is  also  obtained  with  certain  othor 
infusible  compounds  containing  no  aluminium,  eg.,  alkaline  earth 
phosphates. 

Aluminium  salts  are  not  volatile,  and  do  not  color  the  flame.  By 
ignition  in  the  air,  all  aluminium  salts,  with  the  exception  of  the  phos- 
phate and  silicate,  are  decomposed,  leaving  behind  the  oxide: 

4  A1C1,  +  3  O,  -  2  A1,03  +  6  CI,, 

2Al(NO,),  =A130,4-3N80„ 

AJ,(SO0»  =  Al30,+3SO,. 

Chromium,  Cr.    At.  Wt.  62.0 

8p.  Cr.  =  6.81.     M.  Pt.  ■  1510° C. 

Occurrence.  —  Chromium  occurs  in  nature  as  chromite,  FeCrjOi, 
isomorphous  with  spinel  (see  aluminium);  as  monodfxdo  rroeoite. 
PbCrO^  and  as  laxmaniutc,  a  double  compound  of  lead-copper  phos- 
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phatc  and  basic  lead  chromate,  ( Pb,Cu)i(PO«)i  ■  Pb»0(CrO«)i.  Fur- 
thermore, ill  is  found  in  small  quantities  in  many  silicates,  such  a* 
muscovites,  biotites,  augit.es,  etc.,  and  consequently  in  their  weathering 
products,  an  in  many  kaolius,  bauxite,  etc. 

Metallic  chromium  is  white,  crystalline  and  brittle;  it  is  easily 
reduced  to  powder.  The  metal  dissolves  in  hydrochloric,  hydro- 
bromie,  hydriodic,  sulfuric  and  oxalic  acids  with  evolution  of  hydrogen 
■ad  formation  of  chromouB,  or  a  mixture  of  chromous  and  chromic. 
salts.  The  metal  is  easily  made  passive,  however,  by  immersion  in 
nitric  acid  or  by  anodic  polarization.  Passive  chromium  retains  its 
luster  in  the  air,  is  insoluble  in  dilute  acids  and  resembles  the  noble 
metals.  With  oxygen  chromium  forms  the  following  oxides:  chro- 
mous oxide,  CrO;  chromic  oxide,  CrjOj;  chromic  acid  anhydride, 
CrO»;  and  chromium  peroxides  corresponding  to  CrO«,  Cr30»,  Cr3Ou 
and  CftOn  (ci.  p.  117). 

The  oxides  CrO  ami  CrsOj  are  basic  anhydrides,  anil,  on  being 
dissolved  in  acids,  yield  the  corresponding  salts,  the  chromous  and 
the  chromic  compound:-.  Chromium  trioxide  is  the  anhydride  of  the 
hypothetical  chromic  acid,  HdCrOj  and  forms  chromates  with  bases. 
The  chromium  peroxides  b.ivc  never  been  oblnincd  pure;  salts  of  per- 
chromic  acid  have  been  isolated  and  analyzed.     (Of.  p.  147.) 

f.      Chrontvti*   Cvmpm4n*ta 

Chromous  oxide  is  known  only  in  the  form  of  its  hydroxide,  Cr(OH)i, 
whieh,  on  being  dried,  loses  hydrogen  and  water,  leaving  behind 
chromic  oxide: 

2  Cr(OH)s  =  H,  +  HjO  +  Cr,0,. 

Like  chromous  hydroxide,  all  chromous  compounds  are  extremely 
unstable,  being  changed  readily  by  contact  with  the  air  into  chromic 
compounds.  Only  the  halogen  compounds,  the  phosphate,  carbonatr, 
and  acelale-,  are  known  in  the  dry  state;  the  sulfate  only  in  solution. 
The  a  relate,  Cr(C»n*0»)»  +  H*0,  is  a  reddish-brown,  crystalline  sub- 
stance, insoluble  in  water,  but  readily  soluble  in  hydrochloric  acid. 
This  solution,  as  well  as  that  of  all  chromous  salts,  absorbs  oxygen 
with  avidity,  and  is  consequently  used  in  gas  annlysis  for  the  deter- 
mination of  oxygen  in  gas  mixtures.  Solutions  of  chromous  com- 
■ls  are  obtained  by  the  reduction  of  chromic  compounds  with 
CUM  and  acid  out  of  MBtaot  with  the  air. 

On  account  of  the  instability  of  these  compounds  the  analytical 
•■ill  rarely  meet  them  and  further  description  is  unnecessary. 
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//.      Chmmir    i'uni/Hiunds 

All  chromic  compounds  contain  chromium  as  a  trivalent  element; 
they  arc  colored  either  green  or  violet,  and  are  soluble  in  mitt  M  • 
rule.  The  oxide,  hydroxide,  phosphate-,  anhydrous  chloride,  and  the  sul- 
fate, after  being  strongly  heated  in  a  stream  of  carlxm  dioxide  gas,  are 
insoluble  in  water.  Violet  chromium  chloride,  obtained  in  tin-  dry 
way,  is  insoluble  in  acids;  it  dissolves  readily  in  water  containing  a 
trace  of  chromous  chloride,  or  in  the  presence  of  stannous  chloriih- 
I  rin  and  hydrochloric  acid).  By  dissolving  the  grayish-green  rhromic 
hy<lroxide  in  acids,  green  solutions  are  always  obtained,  which  on 
longstanding  become  greenish  violet  or  violet,  but  on  IxiilinK  become 
ui'in  .m.iiii.  riiruinie  sulfate  forms  with  sulfates  of  potassium, 
ammonium,  cesium,  or  rubidium,  the  so-called  chrome-alums,  which 
crystallize  in  the  regular  System.  These  alums,  like  all  other  chromic 
salts,  react  acid  in  aqueous  solution  (hydrolysis). 

Crystals  arc  obtained  by  evaporation  of  the  violet  solutions;  the 
green  Solutions  either  give  uncrystallizablc  sirups  or  sire  changed  into 
violet  crystals.  The  addition  of  nitric  acid  favors  the  change  of  the 
green  into  the  violet  modification.  Probably  the  green  modification 
corresponds  to  a  more  or  leas  basic  salt  and  the  violet,  mollification 
to  the  violet  salt.*  Often  the  green  salt  contains  a  complex  ion. 
Chromium  shows  a  great  tendency  to  form  complex  ions  with  hydro- 
cyanic and  sulfuric  acids,  organic  compounds  containing  hydroxyl, 
and  with  ammonia,  amines,  pyridine,  etc.  These  complex  compounds 
do  not  show  many  of  the  characteristic  chromium  reactions. 

Chromic  sulfide,  Qr&t,  SIB  I"'  obtained  only  in  the  dry  way.  On 
being  treated  with  water  it  is  decomposed  quantitatively  into  hy- 
droxide and  hydrogen  sulfide. 

Reactions  In  the   Wet   Way 

1.  Ammonia  produces  a  grayish-green,  gelatinous  precipitate  of 
chromic  hydroxide: 

Ct+++  +  3  OH"  —  Cf  (OH),. 

Chromic  hydroxide  is  somewhat  soluble  in  excess  of  ammonia,  form- 
ing a  violet  or  pink  solution,  particularly  soluble  when  the  ammonia 
is  added  to  a  violei  solution  of  a  chromic  salt,  in  the  presence  of  am- 
monium salts.  This  is  caused  by  the  formation  of  complex  chromic- 
ammonia  cations,  which,  however,  may  be  decomposed  by  boilimr. 
the  solution  until  the  excess  of  ammonia  has  been  driven  off,  when  the 
chromium  is  quantitatively  precipitate, I  SS  hydroxide     In  order,  then, 


♦  Recourtk  BuU.  toe.  Chim.  |3|. 6,  900;  Whitnky.  Z  phya. Chem., 20, 4a 
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to  precipitate  the  chromium  from  a  solution  as  hydroxide,  it  is  neces- 
sary to  precipitate  at  a  boiling  temperature,  and  to  use  as  little  am- 
nia  as  possible. 

By  ignition  of  chromic  hydroxide,  green  chromic  oxide  is  obtained,  which  after 
strong  ignition  is  insoluble  in  acids.  In  order  to  bring  it  into  solution,  it  mmt  he 
fOMd  with  |K>Uu«iuui  pyrusulfate  (cf.  aluminium,  p.  138);  or  with  an  oxidising 
flux  such  as  sodium  carbonate  and  potamium  nitrate  in  a  platinum  crucible  or 
sodium  [vroxidc  in  a  nickel  or  iron  cru.il  ilr.  \\IiitcI>v  sodium  eliminate  in  formed  : 

2  CryO,  +  4  MasCO,  -f  30,  =  4  Na*CrO«  +  4  CO,  T  ■ 

If  the  product  of  this  last  fusion  is  dissolved  in  wuter,  acidified  with  hydrochloric 
acid,  and  boiled  with  alcohol,  u  green  solution  of  dBOnfa  ohlarida  will  be  obtained 
(p.  140.1.  from  which  the  chromium  can  l»c  precipitated  as  hydroxide  with  ammonia. 
On  fusing  with  sodium  carbonate  and  potassium  nitrate  in  a  platinum  crucible,  the 
(BttOsUa  will  always  be  sb'ghtly  attacked,  so  tlint  a  small  amount  of  platinum  will 
go  into  solution  with  the  fused  maw;  it  can  be  removed,  after  the  treatment  with 
hydrochloric  acid,  by  passing  hydrogen  sulfide  into  the  boiling  solution,  and  filtering 
oft  the  precipitated  platinum  sulfide. 

2.  Potassium  and  Sodium  Hydroxides  cause  the  same  precipitin  loo 
as  ammonia;  but  the  precipitate  is  readily  soluble  in  excess  of  the 
reagent,  forming  a  green  chromite: 

Cr4-f+  +  30H~  -^Cr(OH),;  Cr(OH),  +  OH"?=iCrO,-  +  2  H,0. 

Chromic  hydroxide  behaves  here  as  a  weak  acid.  The  reaction 
is  reversible,  the  presence  of  considerable  water  causing  the  reaction 
to  go  from  right  to  left,  particularly  at  the  boiling  temperature.  By 
tM.ihng  the  dilute  solution,  complete  li  dm  place;  the  chro- 

mium is  almost  quantitatively  precipitated  as  hydroxide  (differing  from 
aluminium). 

Chromic  hydroxide  often  causes  the  precipitation  of  other  bases  as 
insoluble  chromites,  particularly  zinc  and  magnesium. 

3.  Sodium  Peroxide  and  caustic  alkali  added  to  the  solution  of  it 
chromic  salt  convert  the  trivalent  chromium  into  the  chrotnatc  ion 
in  which  the  chromium  has  a  positive  valence  of  six: 

2Cr+++  +  3  Na,0,  +  l OH" -♦  2 Cr04~ ~  +  6  Na+  4-  2  H,0. 

4.  Alkali  Carbonates,  Barium  Carbonate,  Ammonium  Sulfide,  and 
Alkali  Thiosulfates  precipitate  chromic  hydroxide,  as  with  aluminium. 

6.  Alkali  Phosphates  give  a  greenish,  amorphous  precipitate  of 
chromic  phosphate: 

2  HPu.--  +  0t**+.  —  CrPO,  4-  BtPQT. 

Chromic  phosphate  is  readily  soluble  in  mineral  acids  and  in  cold 
acetic  acid.     On  boiling  the  acetic  acid  solution,  chromic  phosphate 
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separates  out  again.     Oxalic  acid  prevents  t  ho  precipitation  of  chromic 
phosphate  owing  to  the  formation  of  a  complex  chrome-oxalate  ion. 

The  precipitation  of  chromic  hydroxide,  by  any  of  the  reactions 
here  described,  is  also  prevented  by  tartaric,  citric  and  oxalic  acids 
and  by  sugar.     Sometimes  no  precipitation  at  all  is  obtained  and  in 
cases  the  precipitation  is  incomplete. 

6.  Alkali  Acetates  produce  in  solutions  of  chromic  salts  no  pre- 
cipitation, even  when  the  solutions  are  boiled.  If,  however,  consider- 
able amounts  of  aluminium  and  ferric  salts  are  present  at  the  same 
time,  the  chromium  will  be  precipitated  almost  quantitatively  with  the 
iron  and  aluminium  as  basic  acetate.  In  case,  however,  chromium 
predominates,  only  a  part  of  the  metals  will  be  precipitated  as  basic 
salts;  the  filtrate  will  contain  iron  and  aluminium  with  chromium. 
In  the  presence  of  chromium,  the  bewie  UCtUA  MJMI ration  is  always  -uncer- 
tain. 

7.  Hydrogen  Sulfide  produces  no  precipitate  in  acid  solutions  of 
chromic  salts. 

///.        (  'Urn itm  1 1  ■ 

Chromium  trioxide,  CrOj,  forms  red  orthorhombic  needles,  winch 
dissolve  readily  in  water  to  an  orange-red  solution.  If  this  solution 
is  neutralized  with  potassium  hydroxide,  it  becomes  yellow,  and  on 
evaporation  yellow  KjCrO,.  the  potassium  salt  of  chromic  acid,  II  ■■<  ><_>«, 
is  obtained.  If  the  yellow  solution  of  potassium  ehromate  is  acidified, 
and  then  allowed  to  crystallize,  orange-red  prisms  of  triclinic  potassium 
dichromate  crystals,  KjCrxOj,  arc  formed. 

■  The  aqueous  solution  of  potassium  ehromate,  K»CrO„  contains 
colorless  potassium  ions  and  yellow  CrOr-  anions,  while  the  aqueous 
solution  of  potassium  dichromate,  KiCrjOr,  contains,  in  the  presence 
of  the  colorless  potassium  ions,  the  orange-red  colored  CriOi"  "  anions: 

KtCriOi  P42K++  CM0T~. 

Wc  are  able,  therefore,  to  determine  from  the  color  of  a  ehromate 
solution  the  nature  of  the  ehromate  ion  which  is  present. 

Tl 
ingi 

.,, 

The 


: 


The  fre*  acids,  H|CrO(  and  HiCriOi,  cannot  be  isolated,  but  only  the  oorreapond- 
anhydrido,  CrO».  which  ix  very  aolulilc  ta  water.  When  chromium  trioxide 
ilvca  in  water,  the  following  rr notion  tnknt  place: 

CrO,  +  HJO  n  H,Ct04. 


•  fiwt  hydrogen  of  ting  acid  belongx  to  Uie  claw  of  very  strong  acids  (cf.  p.  10) 
nod  conncqnnntly  thr  prrnt<r  part  of  the  HjC'rO,  undcrgoe*  ionization  ax  faat  as  it  is 
formed:  HiCrO«  d  II*  +  HCrO.  .  The  second  hydrogen,  on  the  other  hand.  cur- 
roponda  to  that  of  a  very  weak  acid  and  we  may  nay  that  in  i  ha  presence  of  hydrogen 
km  BOOT  is  scarcely  ionized  at  all.  The  HCrOr.  however,  enters  into  the 
following  equilibrium:  2  HCrt),-  p»  HjO  +  OiO,     .    The  presence  of  hydrogen  torn 
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will  evidently  favor  the  formation  of  (lie  diehroinate  ion.  while  dilution  will  favor  the 
reverse  rcau  tido  ind  l2ifl  presence  of  OH-  iana  will  cm—  tin*  dichroumu*  ion    i.. 

•  I ■  - : 1 1 1 1 ■  t : « i    and  \clluH   <   lO,         I- >n -  Hill  Like  then  [.'luce. 

Remark.  —  Although  m  may  judge  a-  to  tin-  i  oloi  from  the  color  .if 

the  solution,  mad  often  preilni   what   ill lor  of  the  solid  wilt  will  In-,  vl.  on  the 

other  hand,  we  cannot  tell  what  the  color  of  tin-  solution  will  lie  from  that-  of  tin 
salt  itedf.  Yellow  loud  imlidi-  iii: -r.olviv-  111  water  t . .  .%  eolm  le-.-  solution,  and  tin- 
yellow  and  red  iodide*  of  mercury,  ult  hough  only  slightly  soluble,  also  do  not  yield 
colored  solutions. 

//  the  totuUon  of  a  salt  w  colored,  the  tall  iheJf  unit  be  colored;  but  the  reverse  it  Hoi 
always  true. 

All  ehromates  are  insoluble  in  water,  except  those  of  the  alkalies, 
calcium,  strontium  and  magnesium.  All  eliminates  dissolve  in  nitric 
i'  id)  except  fused  lead  eliminate,  which  dissolves  with  difficulty. 

Formation  of  Chromatin 

All  chromium  compound*  may  In-  readily  oxidized  to  chromates. 
According  to  whether  the  i:i>iii|>ound  insoluble  in  water  or  not,  different 
methods  arc  used  to  effect  i  he  oxidation. 

The  xtudent  should  not.  attempt  to  memorize  a  large  number  of  chemical  equa- 
tions, but  he  should  strive  to  become  able  to  express  Ins  i  luiinial  knowledge  in  the 

form  of  equations  or  equilibria  expressions.      To  balance  i-.|init s  representing  the 

oxidation  of  chromium,  it  should  he  remembered  that  the  chromium  is  changed 
from  a  positive  nlmot  Of  three  I  III  the  form  of  chromic  cations  or  ehromile  anion*! 

tO  ft  positive  v.iliiiir  of   .iiv    (iii    (lie   lorin  nf    i-brimm-  iii-iil.  i  lii'iin.-ile  or  liii-hromale 

ion*).  When  the  oxidation  tftltM  pl-iia-  In  mnani  of  halogen,  a  halide  is  formed  and 
the  halogen  is  changed  from  the  neutrnl  condition  to  the  form  of  u  negative  ion  with 
unit  charge,  When  hypochlorite  in  the  oxidizing  agent,  the  unit  positive!  charge  on 
i  In- chlorine  atom  is  lost  and  a  unit  negative  charge  tfthoi  it*  place,  which  correspond" 
to  the  loss  of  two  positive  ofaftlgM.  Similar!-,-,  lead  peroxide  and  hydrogen  peroxide 
have  an  oxidising  |x>wer  eorrespondine  to  the  low  of  two  unit  charges  of  positive 

elcctrieit  -, 

The  valence  of  i  lie  t  liniiniiim  in  the  unions  I  "r<),~.  CrO<  and  CrjO?""  is  found, 
in  accordance  with  the  rule  given  on  p.  25,  hr>  -ul.traetinu  the  charge ©f  the  ion  from 
the  product  obtained  by  multiplying  the  aunii>cr  "I  oxygen  atoms  present  in  the 
bll  !•>•  it-  valence  of  two.  In  equQibriUtt  WBT— JOB!  it  i-  important  to  make  xure 
that  the  algcbriiii-  -inn  .>i  I  In-  positive  and  negative  ehnrgi*  on  one  side  w  exactly 
the  same  as  the  algebraic  sum  of  the  charges  on  the  Ol  bat  With  a  little  practice  it 
is  very  easy  to  determine  whether  hydrogen  iona,  hydroxy!  ions  or  water  molecules 
are  required  to  make  the  equation  balm; 

The  oxidation  in  tilktiliui  snliitions  is  ifltclrd: 

(a)  By  the  halogens.  If  sodium  or  potassium  hydroxide  is  added 
in  cxeoss  to  a  .solution  of  a  eJkNlffik  salt,  and  chlorine  or  bromine  is 
conducted  into  the  solution,  the  oxidation  will  be  complete  in  a  few 
minutes:  the  green  chromite  becomes  yellow  ehromatc: 

rOT  +  80H"  +  3  01,  —  2CrOr"  +  6C1~  +4  H,0. 
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Chromic  compound*  inity  also  be  oxidized  by  halogens  in  the 
presence  of  sodium  acetate,  the  reaction  going  extremely  slowly  in  the 
cold,  but  very  quickly  on  wanning: 

2<V  +:iCI:  +  8H,Oj=s2CrOr"  +  6Cr  +  1 1>  II*. 

The  sodium  acetate  greatly  lowers  the  concentration  of  the  hydrogen 
ions  and  causes  the  reaction  to  proceed  slowly  from  left  to  right  [of. 
p.  47). 

(6)  By  hypochlorites  (sodium  hypochlorite,  chloride  of  lime,  etc.) : 

2  CrOT  +  8  OCT  4-  2  OH-  -» 2  CrO,"  "  +  3  ClT  4-  HaO. 

(c)  By  lead  peroxide.  The  alkaline  solution  ia  boiled  with  lead 
peroxide: 

2  CrO,"  4-  3  PbO,  4-  8  OH"  —  3  PbO,"  "4-2  Cr04"  "4-4  H.O. 

(d)  By  hydrogen  peroxide, 

2 CrOT  +  3  H,0,  4-  2 OH"  —  2 CrOi" ~  +* Ha0, 

the  reaction  taking  place  on  warming. 

(«)  By  freshly-precipitated  manganese  dioxide.  The  oxidation 
takes  place  on  boiling  the  neutral  or  slightly  acid  solution: 

2  Cr+++  +  3  MnO,  4-  4  OH"  -» 2  CrOt"  "4-3  Mn++  4-  2  H.O. 

It  is  evident  from  this  last  equilibrium  expression  that  the  presence  of  hydroxy! 
iona  should  favw  the  oxidation  and  hydrogen  ions  should  hauler  it.  On  the  Other 
hand,  manganese  dioxide  ia  very  insoluble  in  alkaline  solutions.  It  is  necessary, 
therefore,  to  luivr  the  solution  neutral  or  slightly  acid  in  order  to  obtain  a  sufficient 
concentration  of  quadrivalent  manganese  in  solution. 

In  acid  solution*  the  chromic  i-ution  ll  iln-  UMt  stable  condition  to  chromium. 
but  in  alkaline  solutions  the  chrooatc  IQtQfi  is  the  more  stable  condition.  In  aeid 
solutions,  therefore,  it  is  easy  to  reduce  n  chrotnatc  t>>  chromic  salt  and  in  alkaline 
solutions  it  ia  easy  to  oxidise  a  chromic  salt  to  chromatc. 

Oxidation  in  acid  solution   may  be  effected  by  boiling  with  very 
energetic  oxidizing  agents  such  as  concentrated  nitric  acid  and  potas- 
sium chlorate,  sodium  bismuthate  (or  bismuth  tctroxide),  or  potassium 
permanganate: 
2  CH  •*  +  3  NaBiO,  4-  4  H+  —  Cr»0»—  4-  3  Na+  4-  3  Bi+^+  +  2  H,0. 

In  carrying  out  this  reaction  the  chloride  should  not  be  used,  or  any 
other  salt  of  which  the  anion  is  capable  of  oxidation;  the  acid  used 
should  be  nitric  or  sulfuric  acid. 

In  the  case  of  an  insoluble  chromium  compound,  such  as  strongly 
ignited  chromic  oxide,  or  the  mineral  chrotnite,  the  oxidation  is  effected 
by  means  of  fusion  with  sodium  carbonate  and  an  oxidising  agent  such 
as  potassium  nitrate,  potassium  chlorate  or  sodium  peroxide  (cf.  pp. 
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142,  149).  The  alkali  chromates  thus  obtained  arc  of  a  deep-yellow 
color,  and  are  readily  sol u bio  in  water. 

Reduction  of  Chromat** 

Chromic  acid,  chromates  and  dichroraates  are  strong  oxidizing 
agents  in  acid  solutions.  The  oxidations  take  place  even  in  very 
dilute  solution,  and  for  this  reason  potassium  dichromate  is  often  used 
in  quantitative  analysis,  the  quantity  of  reducing  ugent  being  de- 
termined by  the  volume  of  potassium  dichromate  required  to  react, 
with  it.  Ferrous  ions,  aulfurous  acid,  hydrogen  sulfide  and  hydriodic 
acid  are  oxidized  at  the  ordinary  temperature.  Oxalic  acid  and  alcohol 
are  oxidized  slowly  at  the  laboratory  temperature  and  very  quickly 
on  heating  the  solution;  hydrochloric  acid  and  hydrobromic  acid  only 
when  the  solution  is  hot.  The  original  orange  solution  is  changed  to 
green,  the  color  of  chromic  ions: 

C*Ot~  "4-6  Fe++  -I-  14  H+  —  2  Cr+++  4-  6  Fe+++  4-  7  H,0, 
Cr,Or~  4-  3  SOT"  4-  8  H+  -»2  Cr+++  4-  3SOr"  4-  4  H,0, 
QftOT~+  3  H,S  4-  8H+-*2Crt-H-  +  3  s  +  7  H,0, 
Cr2Or  -4-3  H,C,04,  4-  8  H+  -» 2  Cr+++  4-  6  CO,  -f-  7  H,0, 
Cr,Oj-_  4-  0 1"  4- 14  H+  —  2  Cr+++  4-  3  I,  4-  7  H,0, 
Cr,07---MHCl4-8H+-2Cr+++4-3CUT  4- 7  H,0. 
As  this  last  reaction  takes  place  only  on  warming,  it  furnishes  us 
with  a  convenient  method  for  preparing  small  quantities  of  chlorine 
for  analytical  purposes,  because  the  evolution  of  chlorine  ceases  as 
soon  as  the  lamp  is  taken  away.     It  is  necessary,  however,  to  employ 
an  excess  of  hydrochloric  acid,  as  otherwise  no  chlorine  will  be  evolved 
owing  to  the  formation  of  potassium  chlorochromate,  KCrO,Cl: 

Cr,Or—  4-  2  HC1  -»  2  CrO,Cr  4-  H«0, 
which  is  decomposed  on  adding  more  hydrochloric  acid: 

2  CrO,CT"  4-  4  HC1  4-  8  H+  -  2  Cr+++  4-  6  H,0  4-  3  CI,  T  • 

If  alcohol  and  hydrochloric  acid  arc  allowed  to  act  simultaneously 
upon  a  chromatc  (the  reaction  takes  place  on  gentle  warming  without 
the  evolution  of  chlorine),  the  alcohol  is  oxidized  to  aldehyde: 

Cr,Or  "4-3  C3H1OH  4-  8  H+  -»  2  Cr+++  4-  7  H,0  +  3  CH,CHO. 

AUlahydo     > 

This  last  reaction  is  often  U9ed  for  reducing  a  chromate,  because  the 
aldehyde  (recognizable  by  it*  peculiar  empyreumatic  odor)  and  the 
excess  of  alcohol  are  easily  removed  by  boiling  the  solution,  and  the 
latter  then  contains  simply  the  chromium  and  the  metal  of  the  chromate 
as  chlorides. 
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By  boiling  chromates  with  concentrated  sulfuric  acid,  reduction 
takes  plan;  with  evolution  of  oxygen: 

2  KtCftO*  +  8  Hs804  =  2  KjSO,  +  2  Cr,(SOi)j  +  8  U,0  +  3  O,  f  . 

The  behavior  of  free  chromic  acid  toward  hydrogen  peroxide  is  char- 
acteristic. The  chromic  acid  is  converted  into  blue  perchromic  acids 
which  arc  soluble  in  ether:  HrCrOm,  HjCrOr  or  HjCrOg. 

If  a  cold,  alkaline  solution  of  a  chromate  is  treated  with  neutral 
hydrogen  peroxide,  the  solution  is  colored  red,  owing  to  the  formation 
of  an  alkali  salt  of  perchromic  acid,  HjCrOa: 

2  K,CrO«  +  7  HaO,  +  2  KOH  =  8  H*0  +  2  KaCrOg. 

Little  by  little  the  red  color  disappears,  with  evolution  of  oxygen, 
and  the  yellow  color  of  the  chroinatc  returns: 

4  KjCrO,  +  2  H30  =  4  KOH  +  4  K,CrO,  +  7  0,  f  . 

If  a  cold,  neutral  solution  of  potassium  dichromate  is  treated  with 
hydrogen  peroxide,  the  solution  is  eoiorcd  vi<>l<i    ilue  to  the  formation 
of  the  potassium  salt  of  a  slightly  different  perchromic  acid,  H,CrOi: 
K,Cr,0,  +  5  H,0»  =  3  H,0  +  2  KH,CrO,. 

In  this  ease,  also,  the  violet  color  gradually  disappears  with  evolution 
of  oxygen  and  regeneration  of  the  dichromate: 

4  KH.CrO,  -  2  K,O,0t  +  5  0,  T  +4  H,0. 

If  either  the  red  or  violet  solution,  obtained  as  above  deseril>ed, 
is  shaken  with  ether,  the  latter  remains  colorless. 

The  behavior  of  chromate  solutions  toward  an  excess  of  hydrogen 
peroxide  in  the  presence  of  dilute  sulfm  i«-  wdd  is  quite  different. 
There  is  then  formed  invariably  the  perchromic  acid  richest  in  oxygen, 
i.i  iOio,  and  the  solution  is  turned  an  intense  blue.  The  blue  color  dis- 
appears after  a  short  time  and  the  solution  turns  green,  owing  to  the 
conversion  of  all  the  chromium  into  the  chromic  condition: 

2  HrC'rOw  4-  3  HsSO,  =  Oa(S0«),  4-  10  H,0  +  5  O,  |  • 

This  perchromic  acid  is  very  soluble  in  ether;  if,  therefore,  the 
aqueous  solution  is  shaken  with  ether  the  latter  becomes  colored  a 
batntlfo]  blue.  In  fact,  this  acid  is  more  stable  in  ethereal  than  in 
aqueous  solution. 

Since  the  formation  of  the  intense-blue-colored  perchromic  acid 
takes  place  so  readily,  it  may  be  used  as  a  basis  for  a  sensitive  test 
for  free  chromic  acid,  which  is  made  as  follows:  Add  a  few  drops  of 
dilute  sulfuric  acid  to  one  or  two  cubic  centimeter?  of  hydrogen  per- 
oxide and  shake  with  2  ee.  of  ether,  then  add  a  little  of  the  chromate 
solution  and  shake  the  mixture  again.     In  the  presence  of  0.1  mg.  of 


a 
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chromic  acid,  the  upper  ether  layer  is  colored  intensely  blue,  and  the 
reaction  is  noticeable  with  only  0.UU7  inn.  <>f  chromic  acid  (Lchner). 

Most  chrouiatcs  ore  insoluble  in  water,  and  exhibit  characteristic 

colors;  therefore  it  is  easiest  to  test  for  chromium  when  it  is  present  a* 

a  chromate.     The  test  for  oxidizing  cousin  uenta  «ith  MuCU  iu  concen- 

d  hydrochloric  acid  (cf.  p.  491)  is  easily  obtained  with  a  chromate. 

Reaction*  for  the  Precipitation  of  Chromic  Acid 

1.  Sulfuric  Acid.  —  Dilute  sulfuric  acid  cause*,  at  the  most,  a 
change  of  color  from  yellow  to  orange,  without  any  evolution  of  gas. 

ConcentraUd  sulfuric  acid  causes  the  cold  solution  to  change  to 
orange  color,  and  there  is  often  A  separation  of  red  needles  of  CrO»; 
1 1  it-  solution  on  being  heated  beeonMI  green,  the  chromic  acid  being 
reduced  to  chromic  salt  with  evolution  of  oxygen: 

4  CrO,  +  6  HjSO,  =  6  H»0  +  3  O,  |  +2  Cra(SOj,. 

2.  Silver  Nitrate  produces  in  neutral  eliminate  solutions  a  brownish- 
red  precipitate  of  silver  chromate: 

(•rOr-4-2Ag+-*Ag,CrO,, 

soluble  in  ammonia  and  mineral  acids  (hydrochloric  acid  changes 
it  into  insoluble  silver  chloride  and  chromic  acid),  insoluble  in  acetic 
acid.  If  to  a  moderately  concentrated  solution  of  potassium  dirjiro- 
mate,  silver  nitrate  be  added,  a  reddish-brown  precipitate  of  silver 
dichromatc  is  formed: 

<  r2OT  "  -h  2  Ag+  -» AgjCrjOr, 

which,  on  being  boiled  with  water,  is  changed  into  the  less  soluble 
normal  silver  eliminate: 

2  A&Cr30,  +  H.O  —  2  AgjCr04  +  H,Cr,0,. 

The  presence  of  sodium  aci-fate  causes  this  change  to  take  place-  in 
the  eold  (cf.  pp.  47  and  143). 

3.  Lead  Acetate  produces  in  solutions  of  normal  eliminates  and 
ilieliPMii.  I  •;  a  yellow  precipitate  of  lead  chromate,  which  is  soluble 
in  nitric  acid  but  insoluble  in  acetic  acid: 

Cr04~"  +  Pb^  -^PbCr04, 
CrjO,"  "  +  2  PWCJUO,),  +  H,0  —  2  HC,H,0,  +2  C,HA"+2  PbCrO* 

If  lead  nitrate  is  used  instead  of  lead  acetate,  the  precipitation  is  not 
complete  unless  sodium  acetate  is  added. 

4.  Barium  Chloride  produces  in  solutions  of  normal  eliminates  a 
yellow  precipitate  of  barium  ehmm.nte: 

CrOr"  +  Ba++  —  BaCr04, 
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soluble  in  mineral  acids,  insoluble  in  acetic  acid.  From  solutions 
of  dichromates  the  precipitation  is  complete  only  on  addition  of  an 
alkali  acetate  (cf.  p.  115). 

5.  Mercurous  Nitrate  products  in  the  cold  a  brown,  amorphous 
precipitate  of  mercurous  eliminate: 

CrOr "  +  H*(NO,)«  -  HfcCrO,  +  2  NO,", 

which  on  bong  boiled  becomes  fiery-red  and  crystalline 

liehavior  of  Chromium  Trioxid*  and  Chromates  on  Ignition 

Chromium  trioxixte  is  decomposed  on  ignition  into  chromic  oxide 
and  oxygen,  4  CrO»  =  2  CriOj  +  3  0,  f  .  The  chromates  of  ammo- 
nium und  mercury  behave  quite  similarly.  Thxis  normal  ammortt'wfl 
chromate  on  ignition  is  changed  to  chromic  oxide,  ammonia,  nitrogen,  and 
water.  The  reduction  of  the  eliminate  is  favored  by  Ilic  reducing  action 
of  ammonia  which  is  present  in  excels. 

2  (NH,),CrO«  =  2  NH,  |  +  Nj  T  +  5  H»0  ]  +  Cr30,. 

Ammonium  DichromaU  evolves  only  water  and  nitrogen: 

(NH,)2Cr,Or  =  4  H,0  |  +  N,  |  +  Cr,0„ 

This  decomposition  takes  place  violently  with  scintillation.  The 
chromic  oxide  which  remains  lichind  is  very  voluminous  ami  reminds 
one  of  tea-leaves;  consequently  it  is  sometimes  called  "tea-leaved 
chromic  oxide." 

rcurowt  Chromate  is  decomposed  on  ignition  into  chromic  ozidt, 
mercury  vapors,  and  oxygen: 

4  IIg,C'rO«  =  2 CrtO,  +  8  Hg  ]  +  5  O,  f  . 

Tin-  bichromates  of  the  Alkalies  are  changed  on  ignition  into  normal 
chromates,  chromic  oxide,  and  oxygen: 

4  KaCrs()7  =  4  K.CrO*  +  2  CrrO,  +  3  O,  t , 

Reactions  of  Chromium    in    the  Dry   Way 

All  chromium  (-(impounds  color  the  l>orax,  or  salt  of  phosphorus, 
bead  an  emerald  green  both  in  the  oxidizing  and  reducing  flames. 
Heated  with  sodium  carbonate  on  charcoal  btfore  the  blowpipe, 
chromium  compounds  yield  a  green  slag,  which  after  long  heat  in  u  i 
changed  to  green  infusible  chromic  oxide.  Ilv  fusing  with  sodium 
carbonate  and  potassium  nitrate  in  the  loop  of  a  platinum  wire,  all 
chromium  compounds  yield  a  yellow  melt  of  alkali  chroma'  e 

2  Cr.O,  +  4  Na-CO,  +  8  O.  =  4  Na»Cr04  +  4  CO,  |  . 
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If  the  fused  mass  is  dissolved  in  water  and  acidified  with  acetic  acid, 
the  solution  will  give  with  silver  nitrate  a  reddish-brown  precipitate  of 
silver  chroiiiiii-  This  reaction  is  very  delicate  and  aerves  for  the 
detection  of  minute  traces  of  chromium.  Cloth  which  has  been  dyed 
with  a  chromium  mordant  can  be  tested  in  this  way;  the  ash  from  a 
thread  5  cm.  long  is  sufficient  to  give  the  teat. 

IRON,  Fe.    At  Wt.  65.84 
Sp.  Gr.  7.98.    M.  Pt.  about  160O"  C. 

Occurrence.  —  Native  iron  is  rarely  found.  It  occurs  in  basaltic 
rocks;  also  in  meteorites,  associated  with  nickel,  cobalt,  carbon,  sul- 
fur, and  phosphorus. 

The  most  important  iron  ores  are  the  oxides  and  sulfides.  Of  these 
may  be  mentioned : 

Hematite,  FeiOa,  isomorphous  with  corundum;  magnetite,  Fc,04, 
isomorphous  with  spinel;  goethite,  FcHOj,  isomorphous  with  diaspore 
mid  manganite;  limonite,  l"e.H«0,;  (bog  ore),  Fu(OH),,  which  is  used 
in  the  purification  of  illuminating  gas;  pyritc,  FeSj,  which  crystnl- 
liaM  in  the  isometric  system;  mnrcasitc,  KeSt,  orthorhombic.  Iron 
disulfide  is,  therefore,  dimorphous.  Another  important  iron  ore  is 
siderite,  FeCOi,  which  is  rhombohedral;  vivianite,  Fe,(PO«)i  •  8  H»0, 
is  monoclinic. 

The  metallic  iron  of  commerce  is  rarely  pure,  but  usually  contains 
more  or  less  iron  carbide,  iron  sulfide,  iron  phosphide,  iron  silicide, 
corresponding  manganese  compounds  graphite,  et<\ 

On  dissolving  commercial  iron  in  acids  (HsSO«,HCl),  hydrogen, 
and  small  amounts  of  hydrocarbons,  hydrogen  sulfide,  raercapt.ins. 
phosphurcttcd  hydrogen,  and  silicon  hydride  are  evolved,  and  these 
^  give,  to  the  k:ih  its  unpleasant  odor.  There  remains  almost 
always  an  undissolved  residue  consisting  chiefly  of  carbon. 
■  The  result  of  the  action  of  nitric  acid  upon  metallic-  iron  depends 
upon  the  concentration  of  the  acid  and  the  temperature.  With  dilute 
nitric  acid  the  reaction  may  take  place  without  evolution  of  gas  and 
the  formation  of  ferrous  and  ammonium  ions: 

4Fe  +  10H+  + NOr-»4Fe++-f  NH«+  +  3H,0. 

When  the  nitric  acid  is  more  concentrated,  ferric  ions  are  formed  and 
nitrous  oxide,  or,  with  strong  acid,  nitrogen  peroxide  is  evolved: 

Fe  +  4  HNO,  -»  Fe(NO,).  +  2  H,0  +  NO  f 
Fe  +  6  II  NO,  —  Fe(NO,),  4-  3  H»0  +  3  NO,  T  • 
Cold,  concentrated  nitric  acid  makes  iron  passive;   in  this  condition 


it  does  not  react  with  cold,  dilute  nitric  acid  or  deposit  copper  from 
the  aqueous  solution  of  a  cupric  salt. 

Iron  is  bivalent,   trivalent,   and  rarely  hexavalent,   forming  the 
following  oxides: 


Iron  proto>ii]« 
or  f«rrou»  oiido 


Into  MMiuhuiito 
or  l*rrio  oiidc 


FfrwMifrlO  OMkft 
ormacMUt* 

Fe,o4 


Iron  trioiide 

Fe»0»  Fe»04  (FeO,). 

Iron  trioxide,  FeO»,  containing  hexavalent  iron,  has  never  been  iso- 
lated. It  plays  the  part  of  an  acid  anhydride  in  ferrates  of  the  general 
formula  RgFe()4,  which  are  decomposable  by  water. 

By  dissolving  the  three  known  oxides  in  acid  the  corresponding  salts 
arc  obtained:  thus  ferrous  oxide  gives  with  hydrochloric  acid,  ferrous 
chloride, 

FeO  +  2  HC1  =  HiO  +  FeCU; 

ferric  oxide  gives  ferric  chloride, 

FoA  +  6  HCI  =  3  H,0  +  2  FeCU, 

while  ferrous-ferric  oxide  yields  a  mixture  of  ferrous  and  ferric  chlorides: 

Fe,04  +  8  HCI  =  4  H,0  +  2  FeCU  +  FeCU. 

Iron,  therefore,  forms  two  series  of  salts:  first,  the  ferrous,  derived 
from  ferrous  oxide,  containing  bivalent  iron;  second,  the  ferric,  derived 
from  ferric  oxide,  containing  trivalent  iron.  These  two  series  of  salts 
show  a  quite  different  behavior  toward  reagents. 

The  salts  of  bivalent,  iron  (ferrous  salts)  are  white  when  anhydrous 
but  are  greenish  with  water  of  crystallization;  the  solutions  are  color- 
less when  dilute  and  greenish  when  concentrated.  Ferrous  salts  are 
oxidized  somewhat  by  exposure  to  the  air  and  in  solution  they  are 
oxidized  by  dissolved  oxygen;  this  results  in  the  formation  of  a  basic 

4  FeSO«  +  O,  —  2  Fe,0(S04), 
or, 


4  FeSO<  -f-  O,  4-  2  H»0  -►  4  Fe 


/OH 
\SO.. 


The  position  of  iron  in  the  clortroiBOthn  series  show*  that  it  is  capable  of  being 
oxidued  by  hydrogen  ions  and  sujwcsts  the  possibility  of  its  being  oxidised  to  • 
measurable  extent  by  the  hydrogen  ionB  of  water.  Careful  experiment*  have 
shown  that  absolutely  pure  water  containing  no  dissolved  oxygen,  do»  not  affect 
iron  appreciably  at  ordinary  lalwratory  temperatures,  though  tin- re  Is  evidence 
that  n  truce  of  iron  dissolve*  and  a  film  of  hydrogen  is  formed  on  the  metal  which 
acta  as  a  check  upon  further  attack.  The  potution  of  ferrous  iron  in  the  voltage 
aeries  shows  that  hydrogen  ions  cannot  oxidiw  iron  appreciably  to  the  ferric  condi- 
tion. The  presence  of  duaolvod  oxygon,  and  this  is  normally  present  in  all  water 
ili  i!  w  ex]iowd  to  the  atinosplwre,  ran  accomj>!i«.h  ilu*  rrrfdltloa  of  the  ferroui  ions 
to  the  ferric  condition  and  it  also  aids  in  the  oxidation  of  the  iron  from  the  metallic 
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to  the  ferrous  state.  In  this  way  iron  exposed  to  moisture  nod  oxygen  oxidiiea  or 
nuts.  The  rusting  process  is  favored  by  the  contact  of  the  metal  with  a  more  noble 
metal,  such  its  platinum,  copper  or  nickel;  an  electric  couple  is  formed  and  the  Iron 
incomes  the  positive  pole,  IO  that  the  hydrogen  set  free  by  the  action  of  iron  upon 
rattl  i.'  deposited  upon  the  more  noble  metal.      The  privteliec  of  a  lev    nulile  iiiiI  .si. 

such  a*  line,  tend*  to  hinder  the  corrosion  of  iron;  the  sine  corrode*  instead  of  the 
iron. 

The  presence  of  an  acid  in,  therefore,  not  alisoluteb  necessary  In  start  the  mrro- 
oiii  i  if  iron  An  inereiv-c  in  flu-  concentration  of  hydrogen  ions,  however,  will 
greatly  hasten  the  solution  of  the  metal.  When  carbonic  arid  is  present,  ferrous 
bit-urbonate  is  BthI  formed  and.  when  the  ferrous  iron  is  oxidised  to  the  feme  <■-< ■  ti. ] i- 
iiiii.  the  carbonic  add  is  set  free  again  because  ferric  carbonate  does  not  rxi.it. 
The  acid  again  acts  upon  the  metal  and  the  rate  of  its  corrosion  is  greatly  accelerated. 

Certain  substances  tend  to  make  iron  passive,  particularly  strong  nitric  arid. 
Passive  iron  does  not  dissolve  in  dilute  nitric  acid  and  does  not  corrode  readily 
irf  aluminium,  p.  133).  On  the  other  hand,  certain  substances  can  overcome  the 
passive  condition  and  arc  aaid  t4>  activate  the  iron.  Thus  a  solution  of  common 
salt  is  an  activating  agent. 

Different  viwicfica  nf  iron  un.il  steel  corrode  with  different  degree*  of  readiness, 
Cast  iron  is  often  protected  by  its  catling  *kin.  Impurities  present  in  steel  often 
favor  corrosion  by  causing  elce'i  n-  enuple    to  In- .    i .d.li:.lied. 

A.     Ferrous  Compounds 

Ferroua  compounds,  which  may  l>c  prepared  by  dissolving  metallic 
iron,  ferrous  oxide,  ferrous  hydroxide,  ferroug  carbonate,  or  ferrous 
Millnlc,  cti-.,  in  acids,  tire  usually  greenish  in  the  crystallized  state, 
but  in  the  anhydrous  condition  they  are  white,  yellow  or  bluish;  in 
concentrated  solution  'hey  are  green  ;  IB  dilute  solutions  almost  color- 
less. Ferrous  compounds  exhibit  a  strong  tendency  to  change  over 
into  ferric  salts:  they  are  strong  reducing  agents. 


Raactlans  in    the   Wet    Way 

1.   Ammonia  produces  in  neutral  solutions  tin  incomplete  precipi- 
tation of  white  ferrous  hydroxide: 

FeCU  +  2  NH,  +  2  H50  ^Fe(OH),  +  2  NH«C1. 

Ferrous  salts  in  this  respect  are  similar  to  those  of  magnesium 
(cf.  p.  98).     In  the  presence  of  ammonium  chloride  the  reaction  tak<"> 

place  in  the  direction  from  right   to  loftj    ft! COM,  therefore,  6*0808 

no  precipitation  with  ferrous  salts  out  of  contact  with  the  air,  provided 
sufficient  ammonium  chloride  is  present.  On  exposure  to  the  air. 
however,  a  turbidity  is  soon  formed,  green  at  first,  then  almost  black, 
and  finally  becoming  brown.  The  small  amount  of  ferroua  hydroxide 
contained  in  the  solution  is  oxidized  by  the  nir,  forming  at  first  black 
us-fcrric  hydroxide  arid  finally  brown  ferric  hydroxide. 
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2.  Potassium  and  Sodium  Hydroxides  produce,  if  air  is  excluded, 
complete  precipitation  of  white  ferrous  hydroxide, 

K«*+  -f  2  0H~  -»Fe(OH),, 

which  is  quickly  oxidized  by  the  air  into  ferric  hydroxide.  The 
oxidation  takes  place  immediately  upon  the  addition  of  sodium 
peroxide : 

2  Fe^  +  NasOj  +  2  OH"  +  2  H,0  -» 2  Fe(OH)3  +  2  Na+. 

3.  Hydrogen  Sulfide  produces  no  precipitation  in  add  solution* 
of  ferrous  salts;  in  dilute  neutral  solutions  a  small  amount  of  black 
rerroUl  nilfide  La  precipitated;  hut  if  the  solution  contains  consider- 
able alkali  acetate,  hydrogen  sulfide  precipitates  more  of  the  iron  as 
ferrous  sulfide  (but  not  all  of  it),  in  spite  of  the  fact  that  ferrous 
Mill"n If  is  readily  soluble  in  acetic  acid.  This  interesting  fact  is  an 
instructive  illustration  of  the  law  of  chemical  muss  m-tion. 

The  tabic  oo  p.  22  states  that  3.4  X  10-*  j:   Of  ferrous  sulfide  dissolves  in  a  liter 

of  w»ti>r       This  small  quantity  exists  in  solution  almost  .'iilirclv  M  Fe++  and  S 

ions.    PtS  *=s  Fe*-+-  +  S      .     When   acetic   acid,  which   is  a   much  stronger  ncid 

than  hydrogen  sulfide  (cf.  p    10),  is  added  to  the  solution,  equilibrium  has  to  tic 

Ikbed  between  Its  hydragoo  km  ind  t  he  dissolved  sulfide  ions,  '2H+  4-  S      ts 

mil.  m  a  mull  ol  Uu  fonaatfam  of  Don-knlaad  bjibupu  sulfide,  the  solution  no 

longer  i.ii,  \uh  sulfur  ions  to  ITHOn  'hi-  valiu-of  the  solubility  product  of  1  i>; 

to  rwtOTC  the  it]iiililiriii!i>  1.1'lwirn  l',s  .mil  its  ions,  more  of  the  solid  must  diwolvc. 
If.  moreover,  the  solution  i.«  lioiled.  the  hydrogen  sulfide  escapes  as  a  ros  as  soon  iw 
ii  is  farmed  <  '.onsequently  it  Lh  impossible  to  arrive  at  a  state  of  equilibrium  mil 
all  of  the  ferrous  sulfide  haa  dissolved.  The  solution  is  accomplished  by  means  of 
hydrogen  ions: 

FeS  +  a  H+  r*  Fe+-+  +  H.S  T . 

On  the  other  hanil,  if  the  i ration  of  tin-  noetic  acid  is  repressed  by  adding  an 

alkali  acetate  to  the  solution  (cf.  p.  47).  and  the  concentration  of  the  hydrogen 
sulfide  is  made  aa  lance  «*  i  >•  >-  -.i  I  -1« ■  by  keeping  the  solution  saturated  with  the  gas, 
a  will  taki   plao   in  the  reverse  direction  and  some  of  the  iron  will  be 
precipitated  as  ferrous  sulfide. 

i.  Ammonium  Sulfide  precipitates  iron  completely  as  black  fer- 
rous sulfide: 

FeCI,  +  (NH0*9  =  2  NH.CI  +  FeS, 

v.  hn-h  is  readily  soluble  in  acids  with  evolution  of  hydrogen  sulfide. 
In  moist  air  it  turns  slightly  brown,  a  part  of  the  sulfur  separates  out, 
and  a  basic  ferric  sulfate  is  formed. 

5.   Alkali  Carbonates  precipitate  the  white  carbonate, 
Pel  1-  +  NaaCO,  =  2  NaCI  +  FeCO,. 
which  in  contact  with  the  air  becomes  green,  then  brown: 
4  FeCO,  +  6  H,0  +  O,  =  4  CO,  T  +  4  FefOH),, 
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being  converted  into  ferric  hydroxide  with  loss  of  carbonic  anhy- 
dride. 

Ferrous  carbonate,  like  calcium  carbonate  (cf.  p.  109),  is  soluble  in 
carbonic  acid,  forming  ferrous  bicarbonate: 

FeCO,  +  H,CO,  =  Fcll,(CO,),, 

a  compound  which  is  found  in  many  natural  waters,  but  which,  like 
the  normal  carbonate,  is  decomposed  by  atmospheric  oxygen  with 
separation  of  ferric  hydroxide: 

1  FeH,(CO,),  +  2  H,0  +  O,  =  8  CO,  f  +  4  Fe(OH),. 

Consequently  a  mineral  water  which  contains  ferrous  bicarbonate, 
if  allmvi'l  tn  stand  in  contact  with  the  air,  will  become  turbid,  owing 
to  the  deposition  of  ferric;  hydroxide.  To  prevent  this,  the  bottle 
must  be  filled  with  water  and  tightly  corked,  so  that  no  trace  of  air 
can  get  in.      Ferric  hydroxide  is  insoluble  in  earbonio  acid. 

6.  Potassium  Cyanide  precipitates  yellowiHh-hrown  ferrous  cyanide, 

Fc++  +  2CN--*Fe(CN),. 

which  is  soluble  in  excess  of  the  reagent,  forming  potassium  ferro- 
cyanidc: 

FefCN),  +  4  CN~  -♦  [Fe(CN)«J— . 

The  complex  ferrocyanide  union  is  in  equilibrium,  to  l>c  sure,  with 
simple  ferrous  cations,  but  the  quantity  of  the  latter  present  in  the 
aqueous  solution  of  a  ferrocyanide  is  so  small  that  none  of  the  above 
reactions  characteristic  of  ferrous  ions  can  be  obtained  with  it .  Many 
other  similar  complex  cyanide  anions  are  known;  thus,  the  cyanides 
of  silver,  nickel,  iron  (ferrous  and  ferric),  and  cobalt  all  dissolve  in 
potassium  cyanide,  forming  the  following  complex  ions:  [Ag(CN)«]~, 
(Ni(CN)4|--,  (Fe(CN).]---,  [Fe(CN>el— lCo(CN),]-— .  The  acids 
arc: 
II[Ag(CN),],  Hs[Ni(CN)«l,  H,[Fe(CN).l.  H,[Fe(CN),],  H,[Co(CN),]. 

It  is  possible,  as  a  matter  of  fact,  to  isolate  the  last  three  acids,  though 
the  two  former  have  never  been  prepared;  they  immediately  break 
down  into  metallic  cyanide  and  hydrocyanic  acid,  just  as  carbonic  acid 
u  decomposed  into  water  and  carbon  dioxide. 

With  iron,  therefore,  there  are  two  series  of  complex  cyanogen 
compounds,  the  ferroryanides  and  the  ferricyanides.  The  ferrocyanic 
derivative  contain  the  quadrivalent  ..nido  anion  and  the  ferri- 

cyanides contain  tin-  trivalent  fcrricyanide  anion. 

Potassium  ferrocyanide.  K,[Fei'CN)«],  is  often  called  yellow  pruariate 
of  potash,  and  potassium  tYrinvnmde,  Ki[Fe(CN)i),  is  called  red  prus- 
siaU  of  potash.     The  solubility  of  the  alkali  and  alkaline-earth  salts,  and 
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the  insolubility  and  color  of  the  salts  of  the  heavy  metals  (especially 
with  both  ferric  and  ferrous  iron),  are  very  characteristic  of  fcrro-  and 
ferricyanides. 

7.  Potassium  Ferrocyanide,  K,[Ke(CN)«],  produces  in  solutions 
of  ferrous  salts,  with,  complete  exclusion  of  air,  a  white,  precipitate  of 
■potassium  ferrous  ferrocyanide  or  of  ferrous  ferrocyanide,  depending 
upon  whether  one  or  two  molecules  of  ferrous  salt  react  with  one  mole- 
cule of  potassium  ferrocyanide: 

K4(Fe(CN),]  +  FeSO,  -  K,S04  +  K,Fe[Fe(CN),] 
K«lFe(CN),l  +  2  FeS04  =  2  K,SO«  +  Fe,[Fe(CN),] 

Although  both  of  the  above  salts  are  white,  a  light-blue  color  is  almost 
always  obtained,  because  the  precipitate  is  immediately  oxidized  some- 
what by  the  air,  forming  the  ferric  salt  of  bydrofcrrocyauic  acid  (Prus- 
sian blue) : 

6  FclFc(CN),,  +  6  H,0  +  3  Oj  =  2  Fe,[Fe(CNU  -f  4  Fe(OH),. 

pTuaaiao  blue 


8.  Potassium  Ferricyanide,  Kj(Fe(CN)«),  added  to  solutions  of 
ferrous  salts  produces  a  dark  blue  precipitate  (Turnbull's  blue)  consist- 
ing of  ferrous  ferrieyanide  mixed  with  potassium-ferric  ferrocyanide: 

2  K,[Fe(CN),|  +  3  FeCl,  =  6  KC1  +  Fe,[Fe(GN),JJ 
and 

K,(Fe(CN),]  +  FeCl,  -  KPe+^+lFefCN),]—  +  2  KCI. 

In  other  word*  the  ferrieyanide  act*  both  a*  a  precipitant  and  as  an  oxidiiing 
agent"  and  n  blue  mlnr  n-sulN  whi-nrvi-r  imn  i.i  prtwnt  in  I  In-  rnlinii  in  a  state  of 
oxidation  different  from  that  of  the  iron  present  m  the  complex  anion.  The  ferri- 
ayanidc  ion  ia  a  strong  oxidizing  agent  and  in  alkaline  solution  readily  oxidizes 
ferrous  hydroxide  to  ferric  hydroxide  I  wrnbuU's  blue  is  not  very  soluble  in  acid 
solution*,  but  is  decomposed  by  treatment  with  caustic  alkali,  all  of  the  complex 
anion  l>oing  in  the  form  of  ferrocyanide: 

Fc++[Fe(CN),li  —  +  8  KOH  =  2  K4|Fc(CN)«]  +  2  Fe(OH).  +  FeCOH)„ 
K+Fe»++[F«j(CN)d--  +  3  KOI!  -  K,[Fe(CN),]  +  Fe(OH).. 

9.  Potassium  Thiocyanate  gives  no  reaction  with  ferrous  salts 
(note  difference  from  ferric  salts). 

As  has  been  stated,  ferrous  salt*  are  oxidised  by  the  air  to  ferric  salts;    thus 
ferrous  sulfate  ia  gradually  changed  into  brown,  basic  ferric  sulfate. 
4  FeSO«  +  Ot  -  2  [Fe,0  •  (SO.)il, 

which  is  insoluble  in  water.  Consequently  it  often  happens  that  ferrous  sulfate 
will  not  dissolve  in  water  to  a  elear  solution,  but  Rives  a  brown,  turbid  Bolution, 
bosoming  clear  on  the  addition  of  acid,  tho  basic  ferrie  aalt  being  changed  to  a  sol- 

uiiii   i I  nil  iiill 

F«0  •  (SO.),  +  klAO.  -  Fe,(SO.).  +  H.O. 


"  Of.  EaiCH  MOW.W,  /.  nr.  Chm..  84  (1911).  363. 
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Siufa  a  aolution,  whi.'h  then  contain.-*  ferric  inns,  react*  with  potassium  thio- 
cyanntc  (cf.  p.  158).  To  free  the  solution  from  ferric  mill,  it  may  be  boiled  with 
metallic  iron,  out  of  contact  with  air.  whereby  the  ferric  salt  ie  changed  into  ferrous 
Milt: 

Fe,(SO,),+  Fe  =  3FeSO.. 

By  mean*  of  strong  OcddLring  agents.  EaBOUfl  wilt*  can  l.w  quickly  and  completely 
changed  into  ferric  salts,  as  was  shown  in  the  introduction  k  I    n|>.  U9-33). 

10.  Ammonium  Thioacetate,*  C'H8COSNH«,  gives  no  reaction  in 
an  acid  .solution  of  a  ferrous  salt  but  ferrous  sulfide  is  precipitated  in 
an  alkaline  solution: 

CHIOS'  +  Fe++  +  2  OH"  -  CjHeOT  -f-  FeS  +  HA 

Sodium  thiosulfate,  however,  does  not  cause  precipitation. 

11.  a-Nitroso-0-naphthol,  CioH«(IS"0)OH,  Rives  a  green  coloration 
with  dilute  solutions  of  ferrous  salts  and,  on  standing,  a  flocculcnt 
precipitate  of  ferrous  nitroso-3-naphthol  is  formed.  Hydrogen  ions 
prevent  this  reaction,  even  the  small  quantity  formed  by  the  hydrolysis 
of  a  ferric  salt.  Sodium  acetate  must  be  added  in  the  latter  case. 
The  precipitate  oxidizes  easily  to  the  corresponding  ferric  compound. 

12.  Dimethylglyoxime,  (CH»)tG»N«(OH)}.  added  to  a  ferrous  solu- 
tion containing,  tartaric  acid  gives,  upon  the  addition  of  ammonia,  a 
deep  reddish  coloration.  As  the  ferrous  iron  oxidizes,  the  color  fades. 
This  reaction  is  sensitive. 


I>rtm-lii>n   nj  f'l'rruiu  Oxiile  in   the  Pretence  vf  Metallic.  Iron 

Trent  the  mixture  with  n  large  cxccjw  of  a  neutral  solution  of  mercuric  chloride 
and  heat  on  the  wnter-bulh;  the  metallic  iron  goes  iuto  solution  as  fcrrouo  chloride. 
3  BgCfc  -f  Pe  =  Fet'l,  -f  Hg.CI, 

Filter  oil  tin-  r>.  icln.-  and  test  the  filtrate  with  pot.as.Miim  ferricyitnidr:  a  precipi- 
tate of  Turnbull'it  blue  shows  that  inctnllic  iron  WM  originally  present. 

Wash  the  residue  with  mid  <v.>.r,.r.  until  M  the  ferrous  chloride  has  been  dissolved, 
and  t.lun  treat  it.  with  dilute  hydrochloric  acid.  If  the  solution  now  gives  a  pt,-.i|pi- 
tate  of  Turnbuli's  blue  with  potassium  ferrieyanide,  ferrous  oxide  was  present. 

If  hydrogen  is  given  off,  some  metallic  iron  is  still  present,  the  experiment  must 
be  repeated  and  the  mixture  given  n  longer  treat  tne.nt  with  HgC'l,  solution. 


•  Antic  Mad  i-  Hi    HO,  or.  as  the  organic  chemist  prefers.  ClIiCO- Oil.    Thio- 
acetic  acid  has  formula  axospt  that  the  last  (My gen  is  replaced  by  sulfur. 

It  is  made  by  the  action  ol  phosphoric  |ientn.viltitli-  il»"i  gliwinl  arctic  acid.  The 
substance  has  an  unpleosmii  odoi  rand  i  -i  nirN  Si  mi  t  and  Tarcoi  (Z.anal. 

Chcm.,  34,  U9)  have  iwoaWMOdfld  the  OH  of  a  faintly  ammoniacal  solution  of  the 
ammonium  salt  umteml  of  hydrogen  Bulfide.  It  is  a  very  effective  precipitant,  of  sul- 
fides. Sodium  thioaulfato  will  give  sulfide  precipitate*  with  many  ration*  but  ite 
sulfur  atom  with  the  negative  valence  of  two  is  leas  accessible  than  in  thioacetic 
acid. 


IKON 


157 


B.     t'errif   iUttrtptmrttLi 

Ferric  oxide,  FogO),  is  reddish  brown,  becomes  grayish  black  on 
strong  ignition,  but  on  being  pulverized  appears  rod  again. 

Ferric  suits  arc  usually  yellow  or  brown,  but  ferric  ammonium 
alum  is  pale  violet.  Ferric  salts  arc  yellowish  brown  in  aqueous  solu- 
tion, and  the  solution  reacts  acid  (hydrolysis).  Dilution  and  nrarmi&g 
favor  the  hydrolysis,  so  that  all  strongly  diluted  ferric  salts  deposit 
basic  salts  on  being  boiled : 

Fe,(SO«),  +  H,0*2Fo,(SO()iO  +  H«SO«. 

With  ferric  salts  of  the  weaker  acids,  often  all  of  the  iron  is  pre- 
cipitated as  a  basic  salt;  thus  the  acetate,  on  being  boiled  in  a  dilute 
solution,  reacts  as  follows: 

Fe(CH80,),  +  2  H»0«*F*(DHMGA6i)  +  2  BCSAQ* 


By  the  addition  of  acid  all  basic  salts  may  be  changed  l>ack  into 

neutral  salts. 


Reaction*  of  Ferric  Sails  in    the   Wet    Way 

1.   Ammonia  precipitates  brown,  gelatinous  ferric  hydroxini ■: 

Fe*++  +  3  0H-— Fe(OH)i. 

The  solubility  product  of  ferric  hydroxide  is  so  small  (cf.  p.  22) 
that  it  is  precipitated  completely  even  in  the  presence  of  ammonium 
salts;  it  is  readily  soluble  in  acids.  On  ignition  it  loses  water  and  is 
changed  to  oxide,  which  is  very  difficultly  soluble  in  dilute  acids.  It  is 
best,  brought  into  solution  by  long-continued  heating  below  the  boiling 
point  with  concentrated  hydrochloric  acid. 

In  spite  of  the  slight  lolubility  of  ferric  hydroxide,  it  is  not  formed  in  the  presence 
of  many  organic  surmtaiioes  hiiIi  which  ferric  ions  unit*  to  form  complex?*.  (See 
1 6,  below.) 

2.  Potassium  and  Sodium  Hydroxide  also  precipitate  ferric  hy- 
droxide. 

3.  Sodium  Carbonate  produces  a  brown  precipitate  of  basic  car- 
bonate, which  at  the  boiling  temperature  is  completely  dccunip 
hydrolytically  into  hydroxide  and  carbon  dioxide: 

2  FeCl,  -f  3  Na.OO,  +  3  H»<  I  =  2  Fe(OH),  4-  6  NaCl  +  3  CO,  T  . 

■4.  Zinc  Oxide  and  Mercuric  Oxide  also  precipitate  the  iron  as 
hydroxide: 

2  FcCI,  4-  8  ZnO  +  3  H.O  =  3  ZnCl,  4-  2  Fe(OH),. 
This  reaction  is  frequently  used  in  quantitative  analysis. 
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REACTIONS  OF  THE  METALS 


").    Sodium  Phosphate  precipitates  yellowish-white  ferric  phosphate: 
FoCU  +  2  Na,HI'0«  =  3  NaCl  -f  NaH»PO«  -f-  FePO,. 

Ferric  phosphate  is  insoluble  in  acetic  acid,  but  readily  soluble 
in  mineral  acids.  The  precipitation  of  iron  with  sodium  hydrogen 
phosphate  is  consequently  only  complete  when  a  large  excess  of  the 
precipitant  is  employed,  or  when  sodium  acetate  is  added: 

FeCl,  -f  Na»HPO«  +  NaC,HA  =  3  NaCl  +  HC,H808  +  FePO*. 

In  this  last  case  all  the  iron  and  all  the  phosphoric  acid  are  pre- 
cipitated. The  reaction  is  often  used  to  precipitate  phosphoric  acid 
quantitatively.  An  excess  of  the  disodium  phosphate  will  also  cause 
complete  precipitation  of  iron  us  phosphate,  if  the  phosphate  solution 
is  previously  exactly  neutralized  with  ammonia: 

Na,HPO«  +  NH<OH  =  H,0  +  NajNH^O,, 


ami 


Na*NH<PO«  4-  Fed,  =  2  NaCl  +  NH4C1  +  FeP04. 


If,  however,  an  excess  of  sodium  phosphate  and  ammonia  is  added 
to  the  iron  solution,  the  precipitation  of  iron  is  incomplete,  because  the 
ferric  phosphate  dissolves  in  the  excess  of  sodium  phosphate,  in  the 
presence  of  ammonia  (or  ammonium  carbonate),  with  a  brown  color 
and  formation  of  a  complex  salt. 

Ferric  phosphate  is  transformed  by  ammonia  into  a  brown  basic 
phosphate,  and  by  potassium  hydroxide  almost  completely  into  ferric 
hydroxide  and  potassium  phosphate;  while  by  fusion  with  caustic 
alkali  or  alkali  carbonate  it  is  completely  decomposed. 

If  alkaline  earth  ions  are  present,  an  excess  of  ammonia  completely 
changes  ferric  phosphate  to  ferric  hydroxide  and  alkaline  earth  phos- 
phate is  precipitated. 

6.  Alkali  Acetates  produce  in  cold,  neutral  solutions  a  dark-brown 
coloration,  and  on  boiling  the  dilute  solution  all  of  the  iron  separates 
ih  basic  acetate: 

FeCl,  +•  3  NadHjO,  =  3  NaCl  4-  Fe(C,H,0,),  (in  the  cold), 

Fc(C,rL,0,),  +  2  H,0  =  2  HC,H,0,  +  Fe(OH),C,H,0,  (on  boiling). 

The  presence  of  organic  hydroxy-acids  (tartaric,  malic,  citric,  etc.) 
and  of  polyatomic  alcohols  (glycerol,  erythritol,  mannitol,  sugars,  etc.) 
prevent  all  of  the  above-mentioned  reactions,  liecausc  complex  salts 
are  formed  in  which  the  iron  is  present  in  the  form  of  a  complex  anion 
(cf.  aluminium,  p.  135). 

7.  Potassium  Thiocyanate,  KCNS,  produces  in  solutions  of  ferric 
salts  a  blood-red  coloration: 

F6+++  +  3  CNS"  *s  Fe(CNS),. 


This  action  is  reversible;  the  red  color  of  the  slightly  ionised  ferric  thiocyanate 
beinit  most  interne;  when  mi  excess  of  ferric  salt,  or  of  potassium  thioeynnatc,  is 
prtwent. 

If  the  solution  is  shaken  with  ether,  the  Fc(CNSh  goes  into  the  ether.  Ferric 
thiocyanate  combines  readily  with  potassium  thiocyanate.  forming  complex  potas- 
sium fcrrithiocyaaaUj: 

i tiCNS),  +  3  KC.V8  -  K.[Fc(C.\.S),]  • 

analogous  to  potassium  fern- •>  niinl. ■.  Kt[Fe(CN)«]. 

The  complex  salt  is  iusoluble  iu  ether,  the  Fe(CN3)t  only  being  soluble  therein; 
so  tliat  the  red  color  is  due  to  the  formation  of  the  ferric  thiocyanate  and  not  to  the 
complex  salt. 

This  reaction  is  extremely  Bensitivi  but  eannol  :>lw:i\.-.  bt  iclied  Ofe  I"  fr-rn.- 
solutions  which  are  more  or  lens  red  by  the  presence  of  ferrk-acctatc-coinplex  ions, 
the  red  color  of  ferric  thiocyanatfl  can  be  seen  only  when  considerable  hydrochloric 
acid  is  added.  Similarly  if  the  solution  contain*  oxalic,  tartaric,  citric,  malic,  iodic 
phosphoric,  arsenic  or  hydrofluoric  ncid,  the  rod  color  is  not  obtained  except  when 
nitric  acid  is  present.  The  teat  must  then  be  made  in  the  cold  solution  because  hot 
nitric  arid  decomposes  the  Hiilfocyanate  ion  and,  at  the  same  time,  the  nitrite  ion  on 
its  part  gives  a  red  coloration  with  sulfocyanate;  this  nitrite  color  disappears,  how- 
ever, upon  heating  with  n  little  aleuhol  which  doca  not  affect  ferric  thiocyanate. 
The  sensitiveness  of  the  reaction  can  be  increased  somewhat  by  adding  on  excess  of 
freshly-prepared  potassium  thiocyaimtc  Roliitinn  and  xhaking  with  ether.  In  the 
presence  of  mercuric  chloride  the  red  color  disappears  entirely;  the  mercuric  chlo- 
ride react*  with  the  ferric  thiocyanate.  forming  a  colorless,  soluble  mercuric  double 
salt,  which  is  ionized  even  less  than  ferric  lliiocyanato: 

2  Fe(CNS),  +  6  HgCh  =  2  FeCU  +  3  [Hg(CXS),  •  HgCUJ. 

8.  Potassium  Ferrocyanide,  K«[Fe(CN)j]  produces  in  neutral  or 

acid  solutions  of  ferric  salts  an  intense  blue  precipitation  of  Prussian 

blue: 

3  IFc(CN),)—  +  4  FC+++  -» Fe4(Fe(CN),l,. 

Prussian  blue,  the  ferric  salt  of  ferrocyanic  acid,  is  insoluble  in  water,  but  sol- 
uble in  oxalic  acid  and  in  an  excess  of  potassium  ferrocyanide;  the  solution  thus 
obtained  is  B  deep  blue  and  is  used  a*  blueing  and  as  blue  ink.  The  blue  solution 
obtained  with  a  ferric  salt  and  an  excess  of  potassium  ferrocyanide  contains  col- 
loidal KFe|Fe(CN)t|  •  IbO,  which  can  be  lailtd  out  by  the  addition  of  s  consider- 
able quantity  of  electrolyte  such   as   alkali    eld le,   sulfate  or  nitrate.     Prussian 

blue  w  also  soluble  in  eonrenlrut.il  hydrochloric  acid,  but  is  precipitated  attain  on 
ddution.  As  the  ferric  snlt  of  ferrocyanic  acid  it  behaves  like  other  ferric  nalta  to 
the  hydroxides  of  the  alkalies;    ferric  le  and  the  alkali  salt  of  hydroferro- 

cyanic  acid  being  formed: 

F«(Fe(CN)*b  +  12  OH  "-» 4  FeCOH)*  +  3  [F"e(CN).]— . 

9.  Potassium  Fenicyanide,  K,[Fe(CN)«),  produces  DO  pm ■ipitation 
in  solutions  of  ferric  salts,  only  a  brown  coloration  (differing  from 
ferrous  salta): 

(Fe(CN).r  "  "  +  FO+++  t±2  Fe(CN),. 


•  K,|Fe(CN8).l  +  4  HrO.     a.  RosKNneiM.  Z.  anorg.  Chem..  ST  (1901).  208. 
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10.  Ammonium  Sulfide,  added  to  .1  solution  of  a  ferric  salt,  Rives 
a  precipitate  of  frrrir  sulfide,  I'VaS, 

2Fe++*  +  3S--->Fe3S,, 

which  is  soluble  in  cold,  dilute  hydrochloric  add,  forming  ferrous 
chloride  ami   sulfur: 

FesS,  +  4H+  —  2 Fe^ -t- 2  H»H  1  +  S. 

The  fftflt  that  FeA  b  iin-(ipit:itc<lt  and  not  FeS  aa  commonly  believed,  wa* 
proved  by  II.  N.  Stokes*  who  decomposed  it  out  of  contact  with  air  by  xine- 
•miooaiun  oxide  and  obtefntd  whin-  ZnS  and  nil  F«(OH)i.  I.  Gwlel'f  has  also 
slmiwi  that  hydrogen  sulfide  passed  into  11  solution  of  forrir  chloride  imule  alkaline 
with  ammonia  gives  FtySi.  If-  however,  the  solution  is  acid,  hydrogen  sulfide  or 
mi  in  in  m  1 11  in  MiKidi    rr-lm-i  ■•.  thf  '"■!' ln.\   pri-ripitiiti    is  i'it  111. ■!  1 

11.  Hydrogen  Sulfide  in  mid  .solutions  reduces  ferric  sails  to  ferrous 
salts,  with  separation  of  sulfur; 

2  FC+++  +  H,S  —  2  W+  +  2  H+  -f-  S. 

Besides  hydrogen  sulfide,  many  other  substances  (metals,  stannous 
chloride,  sulfurous  aeid,  hydriodic  acid,  etc.)  will  reduce  ferric  salts,  as 
was  shown  on  pp.  35,  36. 

12.  Ether  when  shaken  with  a  solution  of  ferric  chloride  in  6  N 
hydrochloric  acid  dissolves  most  of  the  ferric  chloride.     By  separating 

the  ether  with  the  aid  of  a-separetory  funnel,  mid  repeating  the  opera- 
tion, nearly  all  of  the  iron  can  be  removed  from  the  aqueous  solution. 
(Cf.  p.  17.) 

13.  Cupferron,  the  uiiiiiiniimiii  suit  of  phenylnitrosohydroxylarnine, 
CrUNO-NONII.,  precipitates  rod  (C,H,NO.NO),Fi\  'which*  is  solu- 
blc  in  ether,  insoluble  in  m-nls.  and  Converted  into  Pe(OH)i  by  treat- 
ment   with  ninmonim 

II.  Sodium  Thiosulfate,  NajS,0„  colore  neutral  ferric  solutions 
R  violet  red,  but  the  color  dk-ippcare  quickly  and  the  solution  then 
contains  ferrow  salt  and  •edfafffl  tttrcUkwnab; 

2  NaAO,  +  2  FeCI,  =  2  Ned  +  2  FeCl,  +  Na&O,. 

The  composition  of  the  violet-red  substance  which  is  first  formed 
is  unknown;    perhaps  it  is  ferric  lJu'osuifate. 

LB.  Ammonium  Thioacetate,  XH.CjHjOS,  reduces  ferric  salts  in 
acid  solutions  and  precipitates  ferrous  sulfide  if  alkali  is  present: 

2  Fe*++  +  0,11,08"  +  H,0  —  2  Fe++  +  HCHaO,  -f-  H+  +  S, 
2  Fe+++  4-  3  CH.OS"  +  6  OH"  —  2  FeS  -f  3  CHjQT  +  3  H«0  4-  S. 


•  J.Am.  Chan..  Soc„  29  (1907).  304. 

t  (Jeter  SchwefeUuen.  Karlaruh.-.  (1905). 
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16.  a-Nitroso-tf-naphthol,  Ci0He(NO)OH,  gives  a  voluminous,  brown- 
ish-black prccipitutr  of  ferric  mtioso-0-naphthol,  (CioHsNO  •  0)«Fe, 
in  neutral  or  slightly  acid  solutions. 

17.  Cobalt  Chloride  dissolved  in  concentrated  hy<lmrlil<>ne  n  i.| 
gives  :i  deep  blue  solution.  If  a  little  of  this  blue  liquid  is  added  to 
a  solution  containing  a  small  quantity  of  ferric  ions,  a  green  color  is 
obtained.  Vcnnblc  has  recommended  this  reaction  as  a  test  for  feme 
ions  in  acids  or  for  detecting  ferric  ions  in  the  presence  of  ferrous  ions. 

As  we  have  seen,  there  exist  a  number  of  iron  compounds  which  contain  the 
metal  as  a  complex  ion,  so  that  it  cannot  be  detected  by  the  ordinary  reagent-. 
The  complex  hydroxy-organic  compounds,  as  well  as  the  ferro-  and  ferricyauidiN. 
belooK  tu  this  class  of  compounds. 

If  it  is  a  question  of  proving  the  presence  of  iron  in  such  a  OOmpoUBd  ■  dUB 
method  should  bo  used  in  the  case  of  an  organic  hydroxy-compound  from  that  in 
the  cast;  of  ii  ferro-  or  ferricyanide. 

If  organic  substances  are  present,  the  iron  is  precipitated  as  sulfide  by  means  of 
ammonium  nulfidc;  or  the  organic  matter  U  first  removed  by  ignition,  "hereby 
metallic  iron,  oxides  of  iron  nnd  carbon  arc  obtained. 

In  case  we  have  a  ferro-  or  ferricyanide,  the  iron  cannot  even  be  precipitated  f  >.v 
means  of  ammonium  sulfide;  tin  compound  must  be  completely  destroyed  before 
it  will  U-  possible  to  detect  the  presence  of  iron  by  any  of  the  ordinary  methods. 

Tin*  iimy  be  accomplished  (o)  by  ignition,  (b)  by  fusion  \silli  potassium  earlxmate 
or  sodium  rarboiiatl .  or  (e)  by  betting  -trough  with  comenl  rated  sulfuric  acid. 

(a)  Decomposition  by  Ignition.  —  The  fcrrocyanide*  and  ferricyanide*  are  all 
dirom|niMd  by  ignition  l.ni  the  products  of  the  dreoinpo:.iti9B  v,\r',  lOOOldiug  to 
the  conditions.  The  alkali  salts  yield  alkali  cyanide,  iron  carbide  and  nitrogen  but 
hydrocyanic  acid,  carbon  dioxide,  ammonia  and  cyanogen  are  also  obtained  to 
some  extent.  The  reaction  is  reversible  and  it  is  possible  to  utilise  the  reversed 
reaction  for  the  fixation  of  atmospheric  nitrogen;  iron,  carbon,  alkali  carbonate 
and  nitrogen  an-  heated  together  ami  some  alkuli  formes  made  is  obtained. 

After  the  ignition  of  the complex  cyanide,  <xir.net  the  rendu*  with  water,  whereby 
any  alkali  cyanide  is  removed.  Kilter  anil  trcut  the  residue  with  dilute  hydro- 
chloric acid;  iron  and  iron  carbide  dissolve  ok  ferrous  chloride,  liulrucarlwns  are 
evolved,  and  some  carbon  remains  unditwolvcd. 

(0)  Decomposition  by  Meant  of  Fusion   with   Potassium  Carbonate.  —  Mix  the 

suhfftanco  with  mi  cc|ii;d  amount  "f  the  curlmrniti    and  he-it   in  :t  porcelain  cni'-iMe 

until  a  quiet  fusion  is  obtained.     By  this  means  a  mixture  of  potassium  cyan"  !> 

and  potassium  cyanate  (both  soluble  in  water)  is  formed  in  the  presence  of  metallic 

iron: 

K4lFc(CN)il  +•  K.CO,  =  5KCN  +■  KCNO  +  CO,T  +  Fe. 

Extract  the  melt  with  water,  filter  and  disxolvc  the  iron  in  hydrochloric  acid. 

(e)  Dtetmpomtion  b\/  Healing  ipiih  CimcentralfS  Sulfuric  Add.  —  By  healing  with 

i-cntmtod  sulfuric  acid  all  complex  cyanogen  compounds  may  be  decomposed. 
By  this  means  the  metal  present  is  changed  into  sulfate,  the  nitrogen  of  the  cya- 
nogen into  ammonium  sulfate,  while  the  carbon  of  the  cyanogen  escapee  as  carbon 
monoxide: 

K.'F./CN.l  +GH,80.  +  6HsO-2KISO.  +  FeBO,  +  3  (NH.hSO.  +  6  CO 
2 K,|Kc(CX >.]  +  12  H,SO,  +  12  H,0  =  3 K^O,  +  Fe^SO.ii  +  3 (NII..VHO,  +  12CO I 
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The  treatment  with  concentrated  sulfuric  acid  is  best  accomplished  in  a  porce- 
lain crucible  placed  in  an  inclined  position  over  the  flame,  and  the  flame  directed 
against  the  upper  part  of  the  crucible.  Continue  heating  until  fumes  of  sulfuric 
acid  cease  to  come  off.  Treat  the  residue,  which  consists  of  an  alkali  sulfate  and 
anhydrous  ferrous  or  ferric  sulfate,  with  a  little  concentrated  sulfuric  acid,  heat 
gently,  and  add  water  little  by  little.  In  this  way  the  sulfate  is  readily  brought 
into  solution. 

Reactions  in  the  Dry  Way 

The  borax  (or  sodium  metaphosphate)  bead,  containing  a  small 
amount  of  an  iron  salt,  is  yellow  while  hot  and  colorless  when  cold 
after  being  heated  in  the  oxidizing  flame,  and  pale  green  after  being 
heated  in  the  reducing  flame.  When  strongly  saturated,  however,  the 
bead  obtained  with  the  oxidizing  flame  is  brown  while  hot,  yellow 
when  cold;  and  after  heating  in  the  reducing  flame  it  becomes  bottle- 
green. 

Heated  on  charcoal  with  soda  before  the  blowpipe,  all  iron  com- 
pounds leave  a  gray  particle  of  metallic  iron,  which  is  usually  difficult 
to  see,  but  can  be  separated  from  the  charcoal  by  means  of  the  magnet. 
The  reduction  on  the  charcoal  stick,  as  described  on  p.  66,  is  a  much 
more  delicate  test. 

URANIUM,  U.    At.  Wt.  228.2 
8p.  Gr.  -  18.33.    M.  Pt.  -  2500°  (?) 

Occurrence.  —  Uranium  occurs  in  nature  chiefly  in  the  mineral 
pitch-blende,  UiOs;  but  it  is  also  found  in  a  few  rare  minerals,  uranite, 
(UOi)»Cu(PO«)»  +  8  HtO;  samarskite  (a  niobite  of  iron,  yttrium, 
cerium,  and  erbium  with  varying  amounts  of  uranium) ;  and  liebigi te, 
U(CO,),  •  2  CaCO,  +  10  H,0. 

Klaproth  showed,  in  1789,  that  the  mineral  pitch-blende  contained 
a  new  metal,  which  he  called  uranium.  By  heating  the  oxide  with 
reducing  agents  he  obtained  a  brown,  almost  copper-red,  substance, 
which  he  took  to  be  the  metal,  and  it  indeed  does  behave  like  a  metal, 
dissolving  in  acids  in  contact  with  the  air,  forming  yellowish-green 
salts. 

It  was  not  until  1842  that  it  was  shown  by  P61igot  that  this  reddish- 
brown  body  was  not  the  metal  uranium,  but  its  dioxide.  The  hexa- 
valent  metal  itself  was  obtained  by  Peligot,  as  a  gray  powder,  by  reduc- 
ing the  tetrachloride  with  sodium. 

Out  of  contact  with  the  air,  uranium  dioxide  (uranyl)  dissolves  in 
strong  acids,  forming  uranous  salts: 

UO,  +  4  HC1  =  2  H,0  -I-  UCU,  UO,  +  2  H2S04  =  2  H,0  +  U(S04)». 
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The  uranous  salts  arc  extremely  unstable,  and  on  being  exposed  1o 
the  air  chaPgf  rapidly,  forming  urnuyl  salts  which  ruiihuii  the  bivalent 

UOi  group : 

2  UCU  +  <),  +  2  H,0  —  2  UO,C%  4-  4  HC1, 

2  U(SOt)»  4-  0»  4-  2  H,0  =  2  UO£04  +  2  HjSO,. 

Only  the  reactions  of  the  uranyl  salts  will  be  described  in  this  book. 

Besides  uranyl  (or  uranium  dioxide)  uranium  forms  a  trioxide, 
UO»,  which  can  l»  regarded  as  uranyl  oxide,  UO»0.  It  dissolves  in 
acids,  forming  uranyl  salts: 

UO,  +  2  HC1  =  UOjCl,  +  HjO. 

By  igniting  the  oxides  of  uranium  in  air,  dark-green  urano-uranic 
oxide,  U|0»  or  (2  UOj*  UO»),  is  obtained,  which  out  of  contact  with 
the  air  dissolves  in  strong  acids,  forming  a  mixture  of  uranous  and 
uranyl  salts: 

(2  UO,  •  UO,)  +  4  HaS04  =  2  UO»SO<  +  U(S04),  4-  4  H,0. 
By  dissolving  in  aqua  regia,  uranyl  chloride  is  obtained: 

3  U.O.  4-  18  HCl  4-  2  HNO,  =  9  UO,Cl,  4-  2  NO  4-  10  H«0. 

AH  uranyl  compounds  are  colored  yellow  or  yellowish  green.  Most 
of  them  are  Boluble  in  water,  but  the  oxides,  the  sulfide,  phosphate, 
and  uranates  are  insoluble.  In  mineral  acids  all  uranium  compounds 
are  soluble,  with  the  exception  of  the  fcrroeyunide. 

Reactions  of  Uranyl  Compounds  in   the  Wet  Way 

1.  Potassium  Hydroxide  precipitates  yellow  amorphous  potassium 
uranate.  Uranyl  hydroxide,  UO»(OH)i,  is  first  formed  and  changes 
into  ur.'tnir  mill,  HjUjOt,  of  which  the  alkali  salts  are  insoluble: 

2  UO,Cl,  4-  6  KOH  —  K,U,0,  4-  4  KC1  4-  8  H«0. 

2.  Ammonia  precipit.-ttes  yellow,  amorphous  ammonium  uranate 
2  UOh(NO*)»  4-  6  NH«OH  —  (NH,)3U,07  4-  4  NH,N<  >,  +  8  Hs(  >. 

The  alkali  uranate*  aw  aoluhle  in  alkali  carbonates,  particularly  in  ammonium 
rmrtxmntc,  with  the  formation  of  complex  sulta: 

(HH..),n,0,  +  8(Nh\),CO.  4  3H,<>  -.2(NH,),|UO,(CO,),|  4-6NH.OH. 

C-orwequentJy.  in  tin-  presence  of  autheient  alkali  carbonate,  anuntmia  fails  to  pre- 
cipitate uranium.  Tartaric  and  citric  acid*  (and  other  urpinio  Hulwtnncr*  |  uL*o 
prrvrni  the  precipitation  with  tuiiinonut  :nul  rnuntic  .ilkalim,  at  with  iron.  fhn>rniuni. 
and  aluminium. 

3.  Sodium  Carbonate  produces  in  concentrated  solutions  an  orange- 
yellow  precipitate  of  sodium  uranyl  carbonate: 

UOtfNO,),  4-  3Na,C0,  -  2  NaNO,  4-  Na^UO^CO,),!. 
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Sodium  uranyl  carbonate  is  soluble  in  considerable  water,  so  that 
no  precipitate  is  binned  from  dilute  solutions.  It  is  still  more  soluble 
in  alkali  carbonate  solution,  particularly  in  a  bicarbonate  solution. 
From  such  solutions  sodium  hydroxide  precipitates  sodium  uranate, 
but  ammonia  produces  no  precipitation. 

4.  Barium  Carbonate  precipitates  in  the  cold  all  of  the  uranium, 
probably  us  barium  uranyl  carl>nnate: 

UO,(N03),  4- 3  BaCO,  =  Ba(NO,)s  +BaI[DOI(CO,),]. 

5.  Ammonium  Sulfide  precipitates  brown  uranyl  sulfide, 

UO,(N03),  +  (NHOiS  =  2NH4NOs  +  U02S, 
soluble  in  dilute  acids  and  in  ammonium  carbonate: 

UO,S  +  8  (NHOiCO,  =  (NH4)SS  +  (NHd.lUO^OO,),]. 

Ammonium  sulfide,  then' fun,  i  traduces  no  precipitate  in  solutions  of 
uranyl  mil*  in  the  presence  of  ammonium  carbonate. 

By  boiling  the  solution  of  uranium  salt  to  which  ammonium  sulfide  has  been 
added,  the  uranyl  sulfide  decomposes  into  sulfur  and  black  uraiious  o.\ide,  UOi, 
and  the  latter  Li  iusoluhlr  in  an  cxcetoi  of  the  ammonium  tulfidu  and  in  ammonium 
carbonate  solution.  I(  uranyl  .-u  Hide  n  binds  for  num.  nine  in  rmil.nl  with  ail  excess 
of  ammonium  sulfide,  it,  is  (rr.vlini.lly  changed  into  u  red  substanec  with  access  of 
nir  or  to  n  black  substance  if  :ur  h  excluded:  the  reaction  is  probably  due  to  the 
formation  of  ammonium  thiosulfate. 

6.  Sodium  Phosphate  precipitates  yellowish-white  uranyl  phosphate 

It  b(N'«  >,)»  +  NaoHPO«  -»  2  NaNO,  +  U02HPO|, 

while,  in  the  presence  of  ammonium  acetate,  uranyl  ammonium  phos- 
phate is  precipitated: 

Na,HP04  +  UOi(NO,)(  4-  NH4C,H>0,-» 
2  NaNO,  +  HCJIjO,  +  UO»  •  NHJ>04. 

Both  precipitates  are  insoluble  in  acetic  acid,  but  soluble  in  mineral 
acids. 

7.  Potassium  Ferrocyanide  produces  a  brown  precipitate,  or  in 
very  dilute  solutions,  a  brownish-rod  coloration, 

Fe(CN),—  +  2  UO,++-»  (UO,)}[Fe(CN),]. 

On  addition  of  potassium  hydroxide  the  brownish-red  precipitate 
becomes  yellow,  owing  to  the  formation  of  potassium  uranate : 
(UO,)s[Fe(CN),]  +  6  KOH  -  K,[Fe(CN),l  +  3  H,0  +  BUUjO,. 

(Distinction  from  cupric  ferrocyanide.) 

8.  Zinc,  in  the  presence  of  dilute  sulfuric  acid,  reduces  yellow 
uranyl  salt  to  jrreeu  uranous  salt. 
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9.  Mercuric  Oxide  suspension  precipitates  uranium  completely  by 
boiling  the  solution  containing  ammonium  chloride.  (Separation  of 
uranium  from  ;-t  roniiuni ,  calcium  and  alkali  ions  and  less  satisfactorily 
from  barium  inns.) 

10.  Hydrogen  Peroxide  precipitates  yellowish  uranium  tetroxide, 
insoluble  in  hydrochloric  acid.  The  presence  of  sulfate  ions  hinders 
the  precipitation.  The  oxide  dissolves  in  ammonium  carbonate  solu- 
tion, giving  a  deep  yellow  solution.  If  the  precipitate  produced  by 
hydrogen  peroxide  is  dissolved  in  sulfuric  acid  and  the  solution  is 
shaken  with  a  little  ether,  the  latter  is  colored  blue. 

Sodium  Peroxide  produces  a  yellow  precipitate  soluble  in  an 
of  the  nftgSOf ;   the  addition  of  alcohol  then  precipitates  yellow 

sodium  peruranate,  NaiU90|  •  8  HjO. 

12.    Turmeric  Paper  is  colored   brown   by  aqueous  solutions  of 

uranyl  salts,  especially  the  nitrate.     The  presence  of  considerable  acid 

prevents  the  reaction. 

f  Reactions  in  the  Dry   Way 

The  borax  (or  sodium  mctaphosphatc)  bead  is  yellow  in  the  oxidizing 
flame  and  green  in  the  reducing  flame. 
TITANIUM,  Ti.    At.  Wt.  48.1 
8p.  Gr.  -  4.87.    M.  Pt.  =  1900°  (?) 
Occurrence.  —  Titanium  occurs  in   nature  most  frequently  as  the 
dioxide,  rutile  {tetragonal),  anatase  (tetragonal),  and  brookitc  (ortho- 
rhombic).     Titanium  is  also  found  in  the  minerals  jH-rowskit,  CuTiOj, 
t  it  .mile.  CaSiTiO*.  and  ilmenite,  FeTiOj,  as  well  as  in  many  crystalline 
rocks.     It  is  present  in  most  rocks,  but  usually  only  in  very  small 
quantity. 

Titanium  itself  'w  a  gray  metal,  v<rv  similar  to  iron.  On  being 
heated  in  the  air  it  hums  brightly  to  white  titanium  oxide.  The 
following  oxides  of  titanium  are  known:  Ti,Oj,  TijO,,  TiO,,  TiO,  or 
possibly  TiOj  •  H,0|. 

The  oxides  TisOa  and  TijO»  form  violet-colored  salts,  which  arc 
readily  changed  by  oxidizing  agents  into  derivatives  of  TiO,.  The 
most  important  oxide  is  titanium  dioxide,  which  is  amphoteric  and 
sometimes  acts  as  a  base  and  sometimes  as  an  acid.  The  titanium 
dioxide  aa  it  occurs  in  nature  (rutile,  etc.)  is  insoluble  in  all  ai 
In  order  to  bring  it  into  solution  it  is  best  to  fuse  it  with  potassium 
pyrosulfate,  whereby  it  is  changed  into  titanium  sulfate: 

TiO,  +  2  KAOi  =  TS(SO0i  +  2  K,SO«. 


REACTIONS  OS  TEE  METALS 

The  melt  is  dissolved  in  cold  water.  It  can  also  be  dissolved  by  fusing 
with  sodium  carljonatc  and  treating   the  melt  with  6  N  hydrochloric 

Mid. 

Titimium  dioxide  shows  a  pronounced  amphoteric  behavior.  As  the 
anhydride  of  a  weak  acid,  it  forms  mctatitamitcs  (suite  of  HjTiOj). 
'I  'h CM  salts  are  easy  to  prepare  in  the  dry  way,  but  in  aqueous  solu- 
tion they  are  hydrolyzed  and  titanic  acid,  (TiO|«xHiO)i  is  precipi- 
tated. As  cation,  quadrivalent  titanium  forms  salts  which  are  also 
easily  hydrolyzed. 

Titanium  salts,  containing  bivalent  titanium,  are  so  easily  oxidized 
Unit   ilicy  have  nut  Ik-i-ii  studied  much. 

Titanium  with  a  valence  of  three  forms  a  series  of  salts  which  are 
sometimes  used  as  energpth  reducing  agents.  The  aqueous  solutions 
are  usually  violet  in  color  but  080  be  changed  into  less  stable  green 
solutions,  like  chromium.  Tho  salts  of  trivalent  titanium  behave  like 
IrOO  and  aluminium  toward  the  common  reagents.  Titanium  oxalate 
is  yellowish  red  in  color. 

The  analytical  chemist  is  concerned  chiefly  with  quadrivalent 
titanium.  With  increasing  valence  the  basic  character  of  the  metal 
decreases.  The  salts  of  quadrivalent  titanium  are  colorless.  The 
tetrachloride,  TiCl,,  hoi  Is  at  136°;  the  tet riifluoride  at  2M°.  The 
latter  forms  with  hydrofluoric  acid  the  complex  fluortitanic  acid, 
H5TiF»,  which  forms  a  difficultly  soluble  potassium  salt,  KiTiF«. 
The  sulfate,  Ti($04)j,  shows  a  marked  tendency  to  form  basic  salts, 
e.g.  litany  1  sulfate,  TiO  •  SO*. 

Reaction*  in   the  Wet   Way 

For  these  reactions  a  solution  of  titanium  sulfate  or  of  titanium 
hydroxide  in  hydrochloric  iicid  uiiiy  be  used. 

1.  Potassium  Hydroxide  precipitates,  in  the  cold,  gelatinous  ortho- 
titanic  acid, 

Tr*+++  -I-  4  OH"  -»  H,TiO„ 

which  isidiii'i^f  iu-Wubtoin  BO  MECc--.  <d  rli.'  iva^ent.  but  readily  BOlttblfl 
in  mineral  acids. 

If  the  precipitation  by  potassium  hydroxide  t:ikes  place  from  a  hot 
solution  the  titanium  is  precipitated  as  metatitanic  acid, 

Ti**+*  +  4  OH-  -f  H,0  -I-  H,TiO,, 

which  is  difficultly  soluble  in  dilute  acids.  By  long  digestion  with 
concentrated  hydrochloric  or  sulfuric  acid  it  goes  gradually  into 
solution.     By  the  ignition  of  both  these  titanic  acids  the  anhydride 
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TiOi  is  obtained,  which  is  only  slightly  soluble  in  concent rated  hydro- 
chloric acid,  but  readily  soluble  in  hot  concentrated  sulfuric  acid. 

2.  Ammonia,  Ammonium  Sulfide,  and  Barium  Carbonate  (like 
potassium  hydroxide)  precipitate,  in  the  « old,  ort  liotitanic  acid,  readily 
soluble  in  acids;  and  from  hot  solutions  the  difficultly  soluble  meta- 
titanic  acid. 

TiCL  +  4  NH*OH  =  4  NH4C1  +  EUTiO*. 
TiCL  +  2  (NH4)*S  +  4  H,0  =  4  NH»C1  +  2  B£  T  +  H/TiO., 
TiCL  +  2  BaCO,  +  2  H»0  =  2  BaClj  +  2  COj  T  +  HJiO,. 

3.  Alkali  Acetates  precipitate  on  boiling  all  of  the  titanium  as 
met  at  it  aiiii-  acid: 

TJ++++  +  4  CHjOr  +  3  H,0  -  4  HC,H,0,  +  H,TiO,. 

Titanium  acetate  is  first  formed,  but  it  is  completely  decomposed 
hydrolytically  by  boiling  the  dilute  solution. 

4.  Water.  —  Not  only  titanium  acetate  but  all  titanium  salts  are 
hydrolytically  decomposed  by  water. 

The  ensc  with  which  soluble  tit uniurn  salt*  undergo  hydrolysis  with  the  forma- 
tion of  insoluble  titanic  acid  in  the  huxin  of  the  several  methods  for  separating  tita- 
nium  from  aluminium,  iron,  chromium,  etc.;  the  oxides  of  these  metals  are  fused 
with  potassium  pyrosulfato.  the  pro<luot  of  the  fusion  is  diteolved  in  cold  water.* 
ind  the  solution  is  then  heated  to  boiling.  The  titanium  is  completely  precipitated 
a*  Kfttntilar  metatitanie  acid,  which  can  be  readily  filtered  off,  while  the  remaining 
metals  remain  in  solution  as  sulfates: 

TifSO.l,  +31Wt*2  B0&  +  H,TiO,. 

As  thw  reaction,  like  all  hydrolytic  decompositions,  is  reversible,  it  is  evident 
that,  in  order  to  make  the  precipitation  of  the  metatitanie  acid  complete,  the  amount 
of  Jrtt  arid  prawnl  thouht  be  kepi  tmalkf  considerable  \caler  ihtrnU  lit  u»«f,  <tavf  iht 
tolidwn  kept  hot  irhilr  filtering: 

In  order  to  precipitate  titanic  arid  from  a  solution  according  to  this  method,  the 
concentrated  solution  is  treated  with  sodium  carbonate  m  the  cold  until  a  -In-lit 
permanent  precipitate  of  TilOIl  l|  is  obtained,  sulfuric  acid  is  added  drop  by  drop 
until  the  precipitate  is  just  dissolved,  considerable  water  is  added  (300  to  MO  ee. 
of  water  -In .ii Id  In-  uned  for  each  0  1  urn.  TiOj)  and  the  solution  kept  at  the  boilnm 
temperature  for  one  hour.  The  granular  mctatitanie  acid  thus  obtained  is  easy  to 
filter  nx  lone  a-,  free  iu-i«I  is  present.  On  being  washed  with  pure  water  a  turbid 
filtrate  is  always  obtained;  a  little  dilute  sulphuric  acid  should  therefore  be  added 
to  the  wash-water. 

With  the  nepnriitmn  of  titanium  according  to  the  above-described  method,  « 
play  of  colors  will  lie  nlmervrd  in  the  Imttoni  of  the  glass  lieaker  fir  Itssk  which  i- 
very  characteristic  of  titanic  acid. 


*  Solution  takes  pi  nee  much  more  quickly  if  the  liquid  is  kept  in  constant  motion, 
e.g.,  by  conducting  a  current  of  air  through  it.  '  * 

f   If  too  little  acid  is  present,  however,  imn  and  aJuiiiiiiiuin  will  precipitate. 
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The  presence  of  tartaric  Mid,  citric  tcU,  Httd  many  othrr  orKanic  compound* 
pr«'%'i'ti(.i  tin'  uIhivi-  n-attioiw.  In  such  a  case?  thr  orRanif  substance!  must  bo  first 
destroyed  nithcr  bj  ignition  or  by  oxidnlion  with  potassium  permanganate  (hoc  pp. 
137  and  1151).  the  titanium  dioxide  dissolved  in  sulfuric  acid  and  precipitated  ac- 
cording to  any  of  tbe  above  methods. 

5.  Potassium  Ferrocyanide  produces  in  slightly  acid  solutions  a 
brown  precipitate. 

6.  Tannin  produces  u  brown  precipitate,  which  soon  becomes 
orange. 

7.  Sodium  Thiosulfate  precipitates  in  boiling  solutions  all  of  the 
titanium  as  metatitauic  acid: 

TiCU  +  2  NaAOfc  -f-  H,0  =  4  NaCl  +  2  S  +  2  SO,  ]  4-  H,TiO,. 

8.  Sodium  Phosphate  precipitates  basic  titanium  phosphate, 
TiCU  +  3  NajHPO*  +  HjO  =  4  NaCl  4-  2  NaH,PO,  +  Ti(P04)(OH), 

soluble  in  mineral  acids,  insoluble  in  acetic  acid. 

9.  Hydrogen  Peroxide.  —  If  hydrogen  peroxide  is  added  to  a  slightly 
acid  solution  of  titanium  sulfate,  the  solution  is  colored  orange  red, 
except  in  the  presence  of  small  amounts  of  titanium,  when  the  color  is 
light  yellow.  This  reaction,  which  depends  upon  the  formation  of 
TiO,,  or  possibly  TiOj-IIjOj,  is  exceedingly  delicate,  and  is  especially 
suitable  for  the  detection  of  titanium  in  rocks.  Vanadic  acid  behaves 
similarly  with  hydrogen  peroxide. 

If  a  solution  of  titanium  sulfate  ib  treated  with  a  large  excess  of 
hydrogen  peroxide  and  then  potassium  hydroxide  is  added,  a  precipi- 
t.ile  is  fi Mined  which  dissolves  in  a  great  excess  nf  the  alkali,  forming 
a  yellow  solution.  This  solution  remains  clear  for  a  long  time,  but 
eventually  a  bright  yellow  precipitate  of  Ti(OH).  is  formed.* 

An  insoluble  titanium  compound  on  being  fused  with  sodium  per- 
oxide in  a  nickel  crucible  yields  a  melt  which  permits  the  extraction 
of  ill  the  titanium  by  water.f  If  the  solution  is  made  strongly  acid 
will)  sulfuric  acid,  the  orange-red  color  of  pertitanic  acid  is  apparent. 
If  iron  was  present  in  the  original  insoluble  titanium  mineral,  it  is  left 
insoluble  in  water  after  the  fusion  with  sodium  jwroxide. 

10.  Zinc  or  Tin  produces  in  acid  solutions,  preferably  hydrochloric 
I  vinlet  color  caused  by  the  formation  of  TiCU: 

2TiCI,  4-  Zn  -  ZnQi  4-  2  TiCU. 

The  quadrivalent  titanium  compounds  arc  not  reduced  by  hydrogen 
sulfide  or  sulfurous  acid. 


•  A.  Clashes.  Brr.,  U  (1888). 

t  J.  H.  Walton,  Jb.,  J.  Am.  Chem.  Soc.  (IWt). 
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11.  The  Fluoride  is  quantitatively  changed  to  the  dioxide  by 
evaporation  with  sulfuric  acid  (difference  from  silicic  Mid). 

TiF,  +  2  H,SO,  =  4  HF  j  +  2  SO,  |  +  TiO-. 

12.  Ether  docs  not  dissolve  titanium  chloride.  By  shaking  the 
hydrochloric  acid  solution  with  ether,  therefore,  it  ia  possible  to  sepa- 
rate ferric  chloride  from  titanium  chloride. 

I'A.  Cupferron  (cf.  p.  164J)  precipitates  the  yellow  titanium  salt  of 
phenylnitrosohydroxylamine  from  acid  solutions: 

j  Ti++++  +  4  C,H,NO  •  NO"  —  Ti(C»H»NO  •  NO),.    ■ 

In  the  presence  of  tartaric  acid,  iron  can  be  removed  by  ammonia, 
and  ammonium  sulfide  and  the  titanium  precipitated  in  the  acidified 
filtrate  with  cupferron. 

14.  HydrosuLfurous  Acid,  H2SiO«,  which  can  be  obtained  by  the 
action  of  zinc  on  sulfurous  acid,  or  the  sodium  salt,  NajSjO,,  gives  a 
violet  or  reddish  color  with  dilute  solutions  of  titanium;  the  color  is 
not  taken  up  by  shaking  with  ether.  According  to  Brunck,*  the  fol- 
lowing micti"i,  i  <■■  place  from  left  to  right  in  acid  solutions  and  from 
right  to  left  in  alkaline  solutions. 

2  TiCl.  +  Na,S,04  *=s  2  TiCU  +  2  NaCl  +  2  SO,. 

Reactions  in  the  Dry  Way 

Titanium  compounds  do  not  color  the  borax  or  sodium  metaphos- 
phatc  bead  ID  the  oxidizing  flame;  after  continued  heating  in  the 
reducing  flame  the  bead  becomes  yellow  while  hot  and  violet  when 
cold.  By  the  addition  of  a  little  tin  the  violet  color  appears  much 
more  quickly.     The  addition  of  iron  causes  a  brownish  to  red  bead. 

On  fusing  titanic  acid  with  sodium  carbonate,  sodium  metatitanate 
is  formed,  which  is  readily  soluble;  in  acids.  By  treatment  with  hot 
water,  sodium  metal  itenafa  is  decomposed,  forming  metatitanic  acid, 
which  ia  difficultly  soluble  in  dilute  acids.  Even  in  cold  water,  sodium 
titanate  is  hydrolywd  and  doea  not  dissolve. 

Manganese,  Mn.    At.  Wt.  64.93 

Sp.  Or.  =  about  8.0.    M.  Pt.  =  1225*  C. 

Occurrence.  —  The  most  important  manganese  minerals  are  pyrolu- 
sito,  MnO,,  orthorhombic;    polianite,  also  MnO,,  tetragonal,  isomor- 
phous  with  rattle  and  tinstone;   braunite,  Mn»Oi,  tetragonal;    man- 
ganite,  HMnOj,  orthorhombic,  isomorphous  with  gOthiteand  dlasp 
hausmannite,  Mrij04>  tetragonal:  and  rhodochrositc,  MnCOt.     Mun- 


•  Ann.  d.  Ckem..  346,  283.     Cf.  R.  FHrawnua.  Z.  anal.  Chem.,  U,  410. 
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gancsc  is  u  constant  compuuiou  nf  iron,  so  that  we  find  it  in  varying 
amounts  in  almost  all  iron  ores. 

It  is  a  grayish-white  metal  which  is  readily  oxidized  in  moist  air, 
and  is  attacked  by  dilute  acids,  even  acetic  acid.  It  forms  the  follow- 
ing oxides: 

MnO,  Mn,0„  Mn,0„  MnO,,  (MnO,),  Mn,Or. 

By  treating  any  one.  of  ixides,  except  MnO,  with  cold,  dilute 

hydrochloric  acid  a  dark,  greenish-brown  solution  is  obtained,  which 
on  being  heated  evolves  chlorine  and  becomes  colorless.  The  solution 
then  contains  a  bivalent  manganese  salt,  —  a  derivative  of  MnO. 

MnO  +  2  HCl  -  H,0  +  MnCl,, 

Mn,0,  +  6  HCl  =  3  H,0  4-  2  MnCl,  +  CI, 1 , 

Mn30*  +  8  HCl  =  4  H,0  +  3  MnCl,  4-  CI,  f  , 

MnO,  4-  4  HCl  =  2  H,0  +  MnCl,  4-  CI,  | , 

Mn,Or  4-  M  HCl  =  7  H,0  4-  2  MnCl,  4-  5  CI,  f  . 

All  DUQganese  oxides  dissolve  on  wanning  with  concentrated  sul- 
furic acid,  forming  manganous  sulfate,  accompanied  (with  the  excep- 
tion of  MnO)  by  evolution  of  oxygen: 

MnO  4-  E&Qt  =  H,0  4-  MnSO*, 
2  MnaO,  4-  4  H,SO,  =  4  H,0  4-  4  MnS04  4-  0,  T  . 
2  Mtu04 -I- 6  HsSO,  =6Ha0  4-6Mn80«4-0,T. 
2  MnO.  4-  2  H^SO,  =  2  H,0  4-  2  MnSO,  4-  O,  T  . 

The  behavior  of  the  higher  oxides.  MnO,,  Mn20»,  and  Mn»0«,  with 
boiling  dilute  nitric  or  sulfuric  acid  is  very  interesting:  MnO*  is  not 
attacked  at  all  by  these  dilute  acids;  while  MtijOi  gives  up  half  of  its 
manganese  to  the  m  id,  tin-  other  Imlf  remaining  undissolved  as  brown 
hydrated  manganese  dioxide,  HzMnO,;  two-thirds  of  Mn»0,  is  dis- 
solved by  these  acids,  brown  hydrated  manganese  dioxide  being  left 
behind,  as  before. 

This  H:MnO,  separates  out  just  as  metasilieic  acid  is  deposited 
from  a  silicate  on  the  addition  of  a  strong  acid: 

CaSiOa  4-  2  H*  -»  H,SiO,  4-  Ca+*. 

In  fact,  hydrated  manganese  dioxide  behaves  in  moot  cases  exactly 
like  an  acid,  the  oxides  Mn,Oj  and  Mn»0«  behave  like  manganous  salts 
of  this  acid  and  are  to  be  regarded  as  raanganite  . 

Mn,0i,  therefore,  is    to    be    regarded  as  manganous  manganite, 

Mti  ,.^MnO,  of  analogous  composition  to  manganous  carbonate, 
MnC0»,  and  manganous  metasilicate,  MnSiO,. 
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According  to  this  conception,  electrolytic  dissociation  should  give 
rise  to  Mn++  cations  and  MnOa~  "unions;  it  is  easy  to  understand,  there- 
fore, why  Mn,0,  given   up  lialf  of  its  iiian^uicsi'  on    treatment    with 
dilute  nitric  acid,  with  the  separation  of  manganous  acid: 
MnMnO,  +  2  HNO,  &  Mn(NO,)»  +  HjMnO,. 

Mn,0,,  which  gives  up  two-thirds  of  its  manganese,  may  \x.'  con- 
sidered to  be  the  manganous  salt  of  orthomanganous  acid,  H.MnO,. 
On  treating  MnvMnO,  with  nitric  acid,  the  ortho  acid  first  eepa- 

RtteR  out  .    it  loses  water,  and  goes  over  into  met  ainniigauoiis  a. -id  ; 

MmMnO,  +  4  HNO,  =  2  Mn(NO,)»  +  H,MnO„ 
H.MnO,  =  H,U  +  H,MnO,. 

MnOj  stands  in  the  same  relation  to  HjMnOj  as  C<  > _  t  -  ■  .  :  - 

SiO,  to  HjSiOa,  and  as  SnO,  to  HjSnO,;  MnO,.  therefore,  behaves  like 

a?\  acid  anhydride. 

Like  SnOj  (which  see),  manganese  dioxide  behaves  partly  as  an 
acid  anhydride  and  partly  as  the  anhydride  of  a  base.  It  probubly 
forms  the  chloride  MnCl,,  for  if  MnOj  is  treated  with  mid  rnneen- 
trated  hydrochloric  acid  it  dissolves  with  a  brownish-green  color, 
forming  manganese  tetrachloride,  suluble  in  ether  with  u  green  color. 
If.  therefore,  the  aqueous  solution  of  MnCl*  is  shaken  with  Other, 
the  upper  layer  is  colored  green. 

Mn(SOt)i  and  Mni(SO,)j  an;  also  known.  These  salt*  arc  hydrolywid  readily, 
forming  H,MnO,  and  MnMnO,: 

Mn(HO,)i  +  3  H^).--H1MnO,  +  •-'  M*s< ),, 
Mn,(SO,),  +  3 IM)  i=  Mn,0,  -r  8  U9Q* 

Not  only  mungunoiis-  nmiiguniles,  but  quite  a  number  of  other 
manganites  are  known.  Some  of  these  play  a  very  important  part 
in  analytical  chemistry;  for  example,  zinc  and  calcium  himunimiiih"- 
ZnHj(MnOj)i,  CaH»(Mn03)j,  wliich  are  analogous  to  calcium  bicar- 
bonate. CaHjK '(),),. 

Zine  bimanganHe  is  formed  in  the  volumetric  detennination  of 
manganese  (see  Vol.  II).  Calcium  bimanganite  is  of  importance 
technically.  Thus  the  recovery  of  manganese,  by  theWeldon  prores* 
in  the  manufacture  of  chlorine,  depends  upon  the  formation  of  calcium 
bimanganite. 

Manganous  oxide,  MnO,  is  the  only  oxide  of  manganese  vMofa 
in  all  cases  acts  as  the  anhydride  of  a  base.     By  dissolving  this  oxide 
in  acids,  manganous  salts  are  always  obtained,  in  which  the  manga 
is  bivalent.     The  oxide  MnO,  has  never  Ikimi  isolated,  but  there  are 
salts  (RsMnO«,  see  p.  178)  known  which  are  derived  from  it.     MihOt 
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is  a  distinct  acid  anhydride,  from  which  the  permanganates  (KMnOJ 
are  derived. 

In  tin:  study  of  the  reactions  of  manganese,  the  manganous  com- 
pounds will  he  discussed  first,  then  the  manganatcs  and  permanganates. 

A.     MariRanou*   Contpoundu 

The  manganous  compounds  are  pink  both  in  tho  crystalline  state 
and  in  uqiu-mis  solution;  Inn  in  the  anhydrous  state  they  are  colorless 
with  the  exception  of  the  sulphide. 

Reaction*  in  the  Wet  Way 

1.  Potassium  or  Sodium  Hydroxide  precipitates  white  manganous 
hydroxide, 

Mn++  -f  2  OH"-*  Mn(OH),, 

which  rapidly  becomes  brown  in  the  air,  owing  to  the  formation  of 
manganous  umngmiites,  which  are  less  soluble  than  Mn(OH)». 

First  a  part  of  the  manganous  hydroxide  is  oxidized  by  the  air  to 
manganous  acid: 

2  Mn(OH)s  +  O.  ?=s  2  H,MnO,, 

which,  on  coming  in  contact  with  the  basic  manganous  hydroxide, 
immediately  forms  a  salt  with  it  —  a  manganite, 

H5MnO,  +  Mn(OH).  &  MnMnO,  -f-  2  HsO 
or  possibly, 

2HsMn03  +  Mn(OH)«?=2 MnHa(MnO,)j  -f-  2  FI30. 

This  oxidation  takes  place  in  the  air  only  gradually,  but  imme- 
diately in  the  presence  of  chlorine,  bromine,  hypochlorites,  hydrogen 
peroxide,  etc.: 

Mn(OH),  -I-  2  NaOH  -f  CI,  =  2  NaCI  +  11,0  +  HsMnO„ 

Mn(OH),  4-  H,(),  =  H,()  +  H,MnO,. 

Precipitated  manganous  acid  dissolves  in  potassium  acid  oxalate  so- 
lution funning  a  beautiful  red  solution  of  a  complex  mangano-oxalat  e 

inn. 

The  formation  of  manganttm  is  of  technical  importance,  as  mm  turned  on  p.  171. 
The  residue  obtained  in  the  preparation  of  chlorine  from  pyroliwito  and  hydm- 
ililrni-  ;n  nl  .••m-i-i  rhulK  of  iiutnganefle  chlundu;  by  adclinK  lime  U>  it,  miuina- 
noiw  hydroxide  is  fewmed.  Tim  mixture  »l  iimni/mmus  hydroxide  and  lime  u 
exposed  to  the  action  .if  I  hiTe,  whereby  nmnRnn»u<  arid  i»  formed,  whirl, 

unit™  with  tin-  i-:-.Ii  in  id  y  fa  MlOOgM  Uii.sc.  forming  calcium  bimang&nite,  so  that 
a.i  ..r  the  riisitiK'Hii  ;  ted  to  QMngaaou*  Mid: 

2Mn(OH),  +  O,  +  Ca(OH),  -  2EI<0  +  CaH,(MnO.),. 
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treating  the  residue,  when  in  the  right  condition,  with  hydrochloric,  acid 
main,  thr  same  amount  of  chlorine  is  obtained  as  from  i  I  pyrolusite: 

a  MnO,  +  S  HCl  =  4 1 M)  +9  MnCU4  2(1 
CaHi(MnOa).  +  10  HCl  -  6 11,0  +  2  MnCl,  -f-  CaCl,  +  t  CI,  f  . 

It  is,  however,  neeti«ary  to  add  n  little  more  hydrochloric  acid  in  the  latter  ease. 
rsMBass  a  part  i»f  tho  acid  is  used  up  in  setting  the  manganous  acid  free  from  ihe 

nungtniliw 

2.  Ammonia  precipitates  from  neutral  solutions  free  from  ammo- 
nium salts  (as  with  magnesium  and  ferrous  salts)  a  part  of  the  man- 
ganese  as  the  white  hydroxide : 

MnCl3  +  NH«OH  ad  Mn(OH),  +  2  NH4CI. 

If  sufficient  ammonium  chloride  is  present,  ammonia  causes  no 
precipitation  (cf.  p.  98).  The  greater  part  of  the  manganic-  then 
i  in  lins  iii  solution  a0  manganous  chloride,  but  a  small  amount  exists 
as  the  hydroxide.  On  standing  in  the  air,  this  dissolved  hydroxide  is 
changed  slowly  into  the  more  difficultly  soluble  manganous  acid,  which 
is  deposited  iu  brown  (locks.  The  condition  of  equilibrium  in  the  solu- 
tion is  thereby  disturl>ed,  and  in  order  to  restore  it  more  hydroxide  is 
formed,  and  the  reaction  continues  in  this  way  until  finally  all  of  the 
BMDgSneM  may  lie  precipitated.  This  fact  must  be  considered  iu  the 
-c|).ii:il  ion  of  manganese  from  ferric  iron,  aluminium,  etc.  If  a  solu- 
tion of  ferric  and  manganous  chlorides  contains  sufficient  ammonium 
chloride,  none  of  the  manganese  and  all  of  the  iron  will  be  precipitated 
on  the  addition  of  ammonia,  but,  if  the  solution  stands  in  contact  with 
the  air,  gradually  the  manganese  will  be  precipitated.  In  effecting 
the  separation,  therefore,  an  excess  of  ammonium  chloride  should  be 
present,  the  solution  boiled  to  remove  the  air  as  much  as  possible  from 
the  solution,  then  a  slight  excess  of  ammonia  should  be  added  and  tho 
solution  filtered  immediately.  The  separation  even  then  is  not  quan- 
titative, but  is  satisfactory  for  qualitative  analysis. 

Oxidizing  agent*  in  the  presence  of  ammonia  cause  the  precipitation  of  manganese 
ids  HiMnOi.  Bromine  is  ordinarily  used  nx  the  oxidizing  agent,  nut  a  number  of 
precautions  are  necessary  to  accomplish  the  complete  precipitation  of  tnaiiganoe 

i'\  menu-  ni  iimiuin*  and  ammonia 

If  a  neutral  solution  of  manganous  salt  is  (rented  with  bromine,  the  precipita- 
of  manganese  aa  Hj.VInOi  is  always  incomplete: 

MttW  {  ttr,  +  3  H,0  ct  4  H+  +  2  Br-  +  H.MnO.. 

The  preeipltutii.ii  <>f  the  manganese  can  be  made  complete,  in  accordance  with 
Ika  mam  ■tilluu  priooij  U  (p.  13),  if  the  hydrogen  ion*  formed  in  the  reaction  are 
neutralized:  sodium  bromide  in  neutral  solution  will  not  reduce  H,MnO.,  but 
bydrobromic  acid  will  do  so.  The  solution  may  l>e  neutralised  by  caustic  alkali, 
alkali  carbonate,  alkali  acetate  (ef.  p.  46).  or  ammonia.    A  solution  of  manganous 
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salt  may  contain  a  considerable  onm  "f  beetle  Hid  .-in' i  yal  Um  mnnmiwi  will  be 

completely  prt-<-i]>il:i.i>-il  lis.   bromine  In  r !•>■  pr-i-.«-iu-i-  «if  milium  :urlaliv 

\iiiiii'ini:i  is  mil  iltggrthai  mtiafaotory  an  a  neutralizing  ageui  in  t.hi*  ram;  lieeause 

it  reacts  with  bromine  iw  well  an  with  hydrubroinie  acid.      When  I  •nun  me  is  added 

to  ammonia  solution,  a  vigorous  reaction  takee  place  end  nitrogen  i»  evolved  (cf. 

p.  96): 

8  NU.OII  +  S  Br,  -  6XH*Br  +  8  H.O  +  N,  7  . 

When  bromine  is  added  to  a  solution  <•(  ammonium  chloride  a  very  slow  oxidation 
result*  urxi  nitrogen  gas  w  evolved: 

2NH4+  +  3Bn  **8  11+  +  OBr-  +  N,  T  • 

If  sodium  acetate  is  added  to  this  solution,  the  reaction  is  accelerated  greatly  as  a 
r.'Hiili  ,,\  Iiinuiinhiug  the  concentration  of  ttao  hydrogen  ions,  and  by  heating  the 
solution,  which  increases  the  speed  of  the  reaction  and  causes  the  rapid  expulsion 
of  nitrogen  gas,  all  <>f  the  ammonium  salt  can  lie  decomposed  by  means  of  a  very 
slight  exctM  of  bromine. 

Tht  pretence  nf  ammonium  tall*  preoenU  the  precipitation  of  manganete  by  bromine 
and  sodium  acetate;  when  nil  the  ammonium  salt  has  been  oxidised  to  nitrogen,  the 
inuiKinow  can  be  pmeipitated  as  HiMnOi  provided  the  sol ut ion  is  not  allowed  to 
lieconic  acid. 

The  conditions  arc  more  favorable  for  the  precipitation  of  manganese  when  the 
solution  contain-  Iwdroxyl  ions,  as  in  on  ammoniacal  solution  The  addition  of 
bromine  to  such  a  solution  usually  result*  in  the  immediate  precipitation  of  some 
of  the  manganese  but,  as  a  result  of  the  action  of  bromine  on  ammonia  or  ammonium 
-nil.  tin.  -.pliaiuri  iiHiinlly  lici-oiie:-.-  aeiil  .'ire I  the  precipitation  of  the  manganese  is 
then  incomplete.  To  precipitate  all  of  the  manganese  by  means  of  ammonia  and 
bromine,  it  is  best  to  proceed  as  follows: 

Dilute  the  solution  Ui  about  200  cc.  and  ncutraliie,  if  necessary,  with  ammonia. 
Add  a  little  bromine  water,  a  slight  excess  of  ammonia  and  stir  to  promote  the 
formation  of  a  precipitate.  Heat  the  solution,  add  a  little  more  bromine  water 
and  make  slightly  ammoniacal  again.  In  case  the  amount  of  the  manganese  pre- 
eijiii.-ite  is  perceptibly  increased  by  this  la.it  treatment  with  bromine  and  ammonia, 
N|Mat  the  operation.  Kilter  off  the  preeipita)  •<!  1 1  M  M  I  .  OOni  <hii.ur  tin  -uluiion 
somewhat  by  evanorat  ton  ami  tgeh  treat  with  bromine  water  and  ammonia.  Some- 
time* HiMnOt  is  precipitated  on  the  aides  of  the  vessel  during  evaporation  The 
treatment  with  bromine  and  ammonia  should  be  continued  until  a  filtrate  is  obtained 
which  will  not  give  any  more  precipitate  with  these  reagent*. * 

3.   Alkali  Carbonates  prccipitat*'  white  manganous  carbonate. 
Mn+*-f-f!Or"-»  MnCO,, 

which  After  long  boiling  is  changed  by  the  oxygen  of  the  air  into  less 
soluble,  hydrated  manganese  dioxide: 

2  MnCO,  +  2  H,0  +  O,  =  2  CO,  T  +  2  H,MnO,. 


•  The  above  explanation  is  given  at  length  because  of  its  importance  in  quanti- 
tative analysis.  The  fact*  upon  which  the  explanation  is  based  have  lieen  carefully 
verified  by  quantitative  experimentj<  performed  by  S.  ().  Simi—in  in  the  laboratory 

of  tlie  translator. 
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4.  Ammonium  Carbonate  precipitates  the  nrhita  carbonate  even  in 
the  presanoe  of  aim n- >iiiunt  BAlta  (difference  from  mauni-Mum). 

5.  Barium  Carbonate  produces  a  precipitate  only  in  hoi  solution*. 

6.  Sodium  Phosphate  precipitates  white,  tertiary  manganous  phos- 
phate, 

4  HPO,-"  4-  3  Mn^  -» 2  H.PCV  +  Mn,(PO,)*, 

soluble  in  mineral  acids  and  in  acetic  acid: 

Mn,(P04),  +  2  H+ J=*8  Mn++  +  2  HPO."  ". 

If  t.n  tin;  boiling  solution  of  this  pn ri pi  late  in  acid  an  excess  of 
ammonia  is  added,  manganous  ammonium  phosphate  will  Ik.*  pr<*c  ipi- 
tated,  as  with  magnesium  (sec  p.  99) : 

HPOT"  +  NH«OH  ^  NH4+  4-  PO.~  "  +  H,0. 
Mn++  4-  NIV  4-  POr-"  4-  7  H,0  —  Hn<NH4)PO,  •  7  H20. 

The  crystalline  precipitate  is  6esh  colored  and  is  practically  insoluble 
in  water. 

7.  Lead  Peroxide  and  Concentrated  Nitric  Acid.  (Volhard'a  re- 
action). —  If  a  solution  containing  only  traces  of  manganese  is  boiled 
with  lead  peroxide  and  concentrated  nitric  acid,  then  diluted  with 
water  and  the  residue  allowed  to  settle,  the  supernatant  liquid  acquires 
a  distinct  violet-red  color,  owing  to  the  formation  of  permanganic  acid: 

2  Mn++  4-  5  PbO,  4-  4  H+  —  5  Pb++  4-  2  H,0  4-  2  MnO,~. 

This  extremely  delicate  reaction  docs  not  take  place  in  the  presence 
of  much  hydrochloric  acid  or  chlorides,  because  the  pennangunic  acid 
is  thereby  destroyed : 

2  UMnOt  4-  14  HC1  =  8  H20  4-  2  MnCl,  4-  5  CI,  | . 

8.  Sodium  Bismuthate  added  to  a  cold  solution  of  a  manganous 
salt  in  dilute  nitric  acid  (about  sp.  gr.  1.13)  causes  the  formation  of 
permanganic  acid.  The  reagent,  which  corresponds  approximately  to 
the  symbol  NaBiOj,  is  prepared  by  fusing  bismuth  oxide  with  sodium 
peroxide;  it  is  insoluble  in  water  and  the  excess  of  reagent  may  be 
filtered  off  through  asbestos  after  applying  the  test.  The  reaction  may 
be  expressed  by  the  equation: 

2 Mn++  4-  5NaBiO,  4-  1 6  H*  -» 5  Na+  4-  5 Bi+++  4-  7  H.O  4-  2  HMnO*. 

The  test  is  extremely  delicate  when  nothing  is  present  that  will 
react  with   the  permanganate  formed.     An  insoluble  carbonaceous 

sidue,  such  as  remains  after  the  solution  of  cast  iron  in  acid,  must  be 
filtered  off  before  adding  the  reagent.     If  the  solution  is  heated,  the 
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permanganic  acid  breaks  down  and  hydrated  manganese  dioxide  is 
precipitated 

Bismuth  dioxide,  BiO»,  may  be  used  instead  of  sodium  hismulliate. 

9.  Ammonium  Persulfate. — If  u  hot  solution  of  a  manganous  salt 
in  cither  dilute  sulfuric  or  nitric  acid  is  treated  with  ammonium  per- 
sulfate, all  the  manganese  is  gradually  oxidized  to  the  quadrivalent 
condition  and  11  precipitate  of  hydrated  manganese  dioxide  is  formed: 

Mn-H-  -f  S,(V  "  4  3  11,0  —  2  SO,"  "  4-  4  1 1 +  +>  HsMnO,. 

If,  however,  the  solution  contains  a  trace  of  silver  nitrate  as  cata- 
lyzer, then  the  oxidation  goes  farther  and  permanganic  acid  in  formed: 

J  Mn^  +  5  S»Or~  4  8  H»0  -*  10  H+  4  10SOr~  +  2  MnOr. 

This  reaction  ia  quantitative  for  small  amounts  of  manganese  and 
the  absence  of  anything  that  will  react  with  the  permanganic  acid.* 

10.  Ammonium  Sulfide  precipitates  from  manganese  solutions 
flesh-colored,  hydrated  manganese  sulfide: 

Mir*-*-  +  S"  -»  MnS. 

On  boiling  with  a  large  excess  of  ammonium  sulfide  it  is  changed  into 
less  hydrated  green  manganese  sulfide  of  the  formula,  3  MnS  4-  H»0. 

The  solubility  product  of  MnS  is  relatively  large  (cf.  p.  22)  and  to 
precipitate  all  the  manganese  as  sulfide  an  excess  of  S~~  ions  is  DSOeS" 
sary.  The  precipitate  dissolves  readily  in  dilute-  acid  as  a  result  of  the 
removal  Of  the  ^~  "  ions  bo  form  non-ionised  hydrogen  sulfide  (cf.  p.  48). 

11.  Potassium  Cyanide.  —  On  adding  potassium  cyanide  to  a  solu- 
tion of  a  manganous  salt,  a  brown  precipitate  appears  which  dissolves 
in  an  excess  of  potassium  cyanide,  forming  a  brown  sedation.  On 
standing,  or  by  heating  the  solution,  a  voluminous  green  precipitate  of 
K[Mn(CN)8]  is  formed  which  is  soluble  in  strong  potassium  cyanide 
solution: 

Mn-H-4  2CN-^Mn(CN),,  Mn(CN),  4  KCN^KlMnfCN),) 
K[MnfCN),l  4  3  CN~  t±  K+  4  (Mn(CN),!". 

To  keep  the  manganese  in  solution  in  the  form  of  Mn(CN),-" 
ions,  it  is  necc<;;u\-  to  use  an  excess  of  potassium  cyanide.  If  the 
concentration  of  the  cyanide  is  diminished  by  dilution,  some  green 
K[Mn(CN)sl  is  formed  and  if  the  dilute  cyanide  solution  is  boiled,  a 
precipitate  of  Mn(0H)s  results: 

|Mn(CN)«]--  4  2  H,0>±  2  HCN  4  4  CN"  4  Mn(OH),. 


•  Cf.  M    M  .mwiiall.  Z.  and.  Chetnn  48,  418,  656  (1WH). 
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The  stability  of  these  complex  cyanides,  therefore,  is  much  less  than 
that  of  the  corresponding  nickel  compounds  (p.  184).  This  potato 
mi  interesting  method  of  separating  dicks!  from  manganese. 

Nickel  sulfide  is  much  less  soluble  than  manganous  sulfide  (cf.  p. 
22)  so  that  it  is  possible  to  precipitate  nickel  us  sulfi<lr  in  i  h<-  presence 
of  acetic  acid  and  sodium  acetate;  under  these  conditions  no  manga- 
nese sulfide  is  formed.  If,  on  the  other  hand,  ammonium  sulfide  is 
added  to  a  hot,  dilute  solution  containing  the  complex  cyanides  uf 
nickel  and  manganese,  the  nickel  will  remain  in  solution  and  the  pre- 
cipitation of  the  manganese  as  sulfide  will  be  complete: 

(Mn(CN)«]--  +  S~  «=*  C  Ci\-  +  MnS. 

In  the  presence  of  a  large  excess  of  potassium  cyanide,  however,  the 
[Mn(CN)j)~~  anion  is  so  stable  t It: l(  none  of  the  manganese  is  pre- 
cipitated in  the  cold  by  ammonium  sulfide. 

12.  Potassium  Chlorate.  —  By  boiling  a  solution  of  manganous  suit 
in  concentrated  nitric  acid  with  an  excess  of  potassium  chlorate,  all 
of  the  manganese  is  precipitated  as  MnOi. 

Mn(  NO,),  +  2  KC10» — MnO*  +  2  KNO,  +  2  Cl():  T  • 

13.  Potassium  Ferrocyanide  precipitates  white  manganous  ferro- 
cyanidc,  Mii:[Fc(<..'N)f,],  which  is  difficultly  soluble  in  hydrochloric 
acid.  The  precipitate  can  be  obtained  also  in  a  solution  which  has 
been  treated  with  tartaric  acid  and  ammonia. 

14.  Potassium  Ferricyanide  forms  brown  manganous  fcrricyanidc, 
Mnj[Fe(ON)8]j,  slightly  soluble  in  cold  hydrochloric  acid  and  insoluble 
in  ammonia. 

l.Y  Potassium  Bromate  added  to  a  cold  sulfuric  acid  solution  of  a 
manganous  salt  gives  the  violet  color  of  permanganate.  The  chlorate 
and  iodatc  do  not  give  the  reaction. 

16.  Potassium  Periodate  gives  a  deep  red  precipitate,  or  a  red  color 
with  dilute  solutions,  of  manganous  periodate,  presumaUv.  Hydro- 
chloric nc  iii  dissolves  the  precipitate  with  evolution  of  chlorine;  ftSWtifl 
soda  and  even  ammonia,  changes  it  into  black  manganous  acid, 
HjMnOj.      The  reaction  i    delicate  and  is  aided  by  heating. 

17.  Oxidizing  Agents  added  to  a  saturated  solution  of  manganous 
chloride  in  concentrated  hydrochloric  acid  give,  on  heating,  a  deep 
brown  or  black  coloration  due  to  the  formation  of  manganese  tetra- 
chloride.    The  reaction  is  given  by  a  nitrate,  chlorate,  hypochh 

or  ehromate  and  by  lead  peroxide.  It  fails  with  perchlorate,  bromate, 
bromine,  sodium  peroxide,  persulfate,  nitrite  and  red  lead.* 


•  t»E  Kontnck,  Z.  anal.  Chem.,  43,  118. 
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Reactiun*  in  Ihc  Dry   Way 

The  borax,  or  suit  of  phosphorus  bead,  i«  amethyst  red  after  heat- 
ing in  tli  ing  flame  with  small  amounts  nf  manganese,  almost 
brown  with  larger  amounts,  ami  can  then  he  mistaken  for  the  nickel 
bead.  Heated  in  the  redwinit  flame,  the  manganese  bead  becomes 
colorless,  while  tin-  nickel  bend  appears  pray. 

On  fusing  any  manganous  compound  with  caustic  alkali  or  alkali 
carbonate  (on  platinum  foil)  in  the  air,  or,  better  still,  in  the  presence 
of  :t ii  oxidizing  agent  (such  as  potassium  nitrate,  potassium  chlorate, 
etc.).  a  green  melt  is  obtained,  owing  to  the  formation  of  the  alkali 
.salt  of  manganir  acid,  as  is  shown  by  the  following  equations: 
MttO  4-  NaaCO,  4-  O,  -  CO,  j  +  Na,MnOfc 
2  MnO,  +  2  NaaCO,  4-  O,  =  2  CO,  |  4-  2  Na,MnO«, 
2  Mn,0,  4-  4  Na,CO,  4-  3  Oj  =  4  CO,  J  -f  4  Na,MnO,, 
2  Mn,0<  +  6  NaaCO,  +  5O»  =  6CO,T+0  NaaMnO«, 
MuSO.  4-  2  KfeCO*  +  O,  =  2  CO,  T  4-  Na,S(),+  NaaMnO,. 
The  oxygen  comes  either  from  the  air  or  from  the  nitrate  or  chlorate: 
2  KNO.  ■  2  KNOa  +  O,.     2  KCIO,  =  2  KC1  4-  3  O,  |- 

ThiB  reaction  ia  exceedingly  delicate;  a  fraction  of  a  milligram  of 
any  manganese  compound  can  Ik-  recognized  by  the  formation  of  this 
green  color. 

By  ignition  in  the  air  the  oxides  of  manganese  arc  changed  to  Mn,0«: 
6  MnO  4-  O,  =  2  Mn,0„     3  MnO,  -  Mn,0«  4-  0,  t, 
6  Mn.O,  =  4  Mn»04  +  O,  t. 

B.     Manganic  and  Permanganic  Acids 

Free  manganic  acid  has  never  been  isolated.  If  wc  attempt  to  form 
it  from  the  green  melt  of  tin-  ulkuli  mnngunate  by  the  addition  of  acid, 
I !•  r manganic  acid  and  hydrated  manganese  dioxide  will  be  obtained; 
a  part  of  the  unstable  manganic  acid  oxidizes  another  part  of  the 
same  to  permanganic  acid,  while  the  oxidizing  part  is  itself  reduced  to 
hydrated  manganese  dioxide: 

3  II,Mn04  =  2  HMn04  4-  H,MnO,  4-  H«0. 

This  transformation  takes  place  so  readily  that  the  green  solution 
of  the  manganate  is  changed  to  a  reddish-violet  solution  of  a  pcrrnan- 
i  liv  simply  Standing  in  the  air.  with  the  help  of  the  carbonic  acid 
which  the  air  always  contains: 

3  K,Mn04  4-  2  CO,  +  H,0  =  2  KjCO,  +  H,MnO,  4-  2  KMnO«. 
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The  reaction  takes  plaeu  much   more  rapidly,  however,  if  a  few 

drops  <>f  a  strong  acid  .-ire  added. 

The  oxidation  of  one  molecule  at  the  expense  of  an->ihi  r  of  i.lu  ;  amc  kind  is  of 
quite  common  occurrence  m  chemistry.  It  always  involvea  it  loss  in  the  aeailnblr 
or  free  energy  which  the  niokcuk*  origiimlh  \»>  i-.v-i-d.  I  he  total  enargy  i«m8ewed 
by  any  molecule  win  be  considered  to  consult  portly  of  free  energy  mid  partly  'if 
unavailable  energy.  A  reaction  that  takes  place  spontaneously  is  always  character- 
ised by  the  fact  that  the  free  energy  of  tin  system  is  lce»  afterwurd  tliaii  it  was 
before  the  reaction  took  place.  The  condition  with  the  smallest  free  energy  \  the 
most  stable  condition 

It.  might  be  inferred  that  the  niont  stable  conditions  arc  those  having  the  smallest 
quantities  of  eiierKV.  but  :\  little  consideration  shown  that  in  promoting  chemical 
reactions  it  is  not  so  much  the  total  energy  as  it  is  the  available  energy  which  comes 
into  consideration.  Thua,  there  is  a  vast  amount  of  energy  stored  up  in  the  heat  of 
the  ocean,  but  it  is  not  available  energy,  because  it  is  in  surroundings  at  the  same 
temperature.  The  air  under  ordinary  atmospheric  pressure  could  perform  11  great 
deal  of  work  if  it  were  brought  in  contact  with  a  space  in  which  n  much  lower  gas- 
pressurc  prevailed,  but  otherwise  the  vast  amount  of  energy  in  not  available. 

In  the  changes  that  take  place  with  any  given  element  it  is  not  necessarily  true 

that  an  increase  in  the  total  >"ticrgy  will  nlw.iv-.  involve  »n  increase  in  tin-  ft ncrgy 

associated  with  the  element.  The  fact  that  the  solution  of  a  manganat- ,  [p  .  im-h 
the  valence  of  the  manganese  is  six,  decompose*  readily  indicates  merely  that  the 

frit-  energy   in  tin    -;, -liin  r  -.  ,ti  i  f  m  >si-tl    of  quadrivalent   anil  hcptavaleill  maiigaiieee  is 

|M  than  tin-  frif  energy  invulviil  in  the  system  containinit  nil  the  iiiaiigitncsr  in 
the  hexavalent  condition.  Frequently  the  conditions  are  just  the  reverse  and  the 
most  stable  condition  is  one  of  intermediate  valence.  Thua  permanganate  and 
manganous  salt  react  to  form  quadrivalent  manganese.  A  few  reactions  similar  to 
the  decomposition  of  H|\ln<»,  will  he  gm-n. 

Hypochlorites  are  changed,  by  warming  the  aqueous  wilutiuii,  into  chlorate  and 
chloride;   one  atom  of  chlorine  is  oxidised  from  the  valence  of  one  Ui  the  valence  of 
five  tit  the  expense  of  two  atoms  of  chlorine,  which  are  reduced  from  a  |x> 
valence  of  one  to  a  negative  valence  of  one: 

3  NaCIO  -  NaCIO,  +  2  Nn(  1 

Ignition  of  a  chlorate  cruises  the  formation  of  a  perehlorate,  a  chloride  and  free 
oxygen  Ban  one  atom  of  chlorine  in  inrruiuwd  two  in  valence,  one  atom  of  chlor- 
ine loses  six  charges  anil  the  remaining  four  charges  cause  the  oxidation  of  two 
atoms  of  negatively  charged  oxygen: 

2  NaCIO,  -  NaCIO.  4-  NaCI  +  Oi  T  • 

Nitrous  arid  is  changed  in  aqueous  solution  into  nitric  acid  and  nitric  oxide,  one 
atom  of  nitrogen  gaining  two  charges  and  two  similar  atoms  losing  one  charge: 

3  HNO,  -  HNO,  -f  2  NO  T  +  BtO. 

HypophosphoroiiM  acid  and  also  phosphorous  acid  can  be  changed  into  phosphoric 
•aid  and  phosphine: 

2H.PO,  -  H.PO,  +  PH.r.   4H.PO,  =  3H.PO»  +  PH.T- 

Alkali  thiomilfntea  and  alkali  sulfites  are  changed  bv  ignition  into  sulfat*  and 
sulfide: 

A  Na»Srf  )»  -  3  Na>SO,  +  Nn*S.  «  Na»SO,  -  3  Na£0,  +  Na.8. 
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Permanganic  Acid,  II.MnO,,  although  much  more  stable  than 
manganic  acid,  is  known  only  in  aqueous  solution;  hut  the  anhydride 
Mn.;l)7  lias  been  isolated.  On  cautiously  adding  concentratw]  sulfuric 
acid  to  the  cooled  solution  of  a  permanganate,  oily  drops  of  reddish- 
brown  MnjOf  separate  out,  which]  however,  on  being  warmed  (the 
heat  of  reaction  is  sufficient),  explode  with  scintillation 

2  Mn,Or  +  4  HjS04  =  4  MnS04  +  4  11,0  4-  5  0,  f. 

The.  salts  of  ix'rmanganic  acid  (the  permanganates)  are  all  soluble 
in  water,  with  a  reddish-violet  color,  and  are  very  energetic  oxidizing 
agents.  In  acid  solution  the  hcptavnlcnt  manganese  in  permanganate 
is  usually  reduced  to  bivalent  manganous  salt,  but  in  alkaline,  or  nearly 
neutral,  solutions  manganese  dioxide  is  the  usual  product. 

Oxidation  in  Acid  Solution.  —  Typical  oxidation  equations  with 
permanganate  have  already  been  explained  on  p.  31.  A  few  of  these 
reactions  will  lx'  repeated  here,  but  it  will  not  be  necessary  to  enter 
into  further  details  concerning  the  method  of  balancing  the  equations. 
To  avoid  exact  repetition,  the  equation  will  be  given  with  the  entire 
molecules  written  instead  of  merely  the  ions  involved, 

2  KMn04  4-  3  H,S04  4- 10 HCI  =  K,SO,  +  2  MnS04  4-  8  H,0  4-  5 CI,  |, 
2  KMnO.  4-3  H-SO,  4- 10  HI  =  KaS04  4-  2  MnS04  4-  8  H,0  4-  5  U, 
2  KMn04  4-  3  H,SO.  4-  B  H=S  =  K,S04  4-  2  MnS04  4-  8  H,0  4-  5  S, 

8  KMnO«4- 12  H2SOt4-  5  PH,  =  4  K*S044-  8  MnSO,  4- 12  HsO+  5  H,PO«, 
2  KMn04  4-  6  SO,  4-  2  H,0  =  2  KHS04  4-  2  MnSO,  4-  H3S.O,. 

In  this  last  equation  the  proportion  of  sulfate  and  of  dithionic  acid, 
H«SiO(,  will  vary  with  the  temperature  ami  oonoeni  ration  of  the  solu- 
tion: 

2  KMnO,+  6  H,C,044-  3  H,S04  =  K,3044-  2  MnS044-8  H,04-  10CO,T. 
2  KMnO,  4-  5  II,0,  +  4  H,SO,  =  2  KHSO.4-  2  MnSO.4-  8H.O  4-  SO,f , 
2  KMn04  4-  5  K,C,0,  4-  14  I  I,SM, 

=  12  CBBOi  4-  2  MnSOt  4-  8  H,0  -I-  10  CO,  |  4-  6  0,t- 

Pcrsulfuric  acid,  which  is  analogous  to  percarbonic  acid,  does  not 
reduce  a  solution  of  a  permanganate.  An  interesting  reaction  is  that 
which  takes  place  in  nearly  neutral  solution  between  permanganate 
and  manganous  ions.  The  principal  product  is  MnOs,  which  will  carry 
down  some  of  the  bivalent  manganese  as  manganous  manganif  ■•  unless 
an  excess  of  some  other  ion  is  present  which  forms  an  insoluble  man- 
ganite,  e.g..  zinc  or  calcium  ions: 

2  KMnO*  4-  3  MnS04  4-  2  H,0  =  2  KHSO,  4-  6  MnO,  4-  H.SO.. 
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Oxidation  in  Alkaline  Solution. —  Many  organic  substance*  are 
oxidized  by  permanganates  in  alkaline  solution  with  pr«'<-i j hi  .1 1  i«»n  of 
manganese  dioxide.  Thus  formic  neid  is  oxidized  to  carbonic  acid, 
ethyl  alcohol  to  aldehyde  iiml  acetic  acid,  cellulose  (paper)  chiefly 
to  oxalic  acid,  so  that  a  solution  of  a  permanganate  cannot  lie  filtered 
through  paper.  By  boiling  a  concentrated  solution  of  potassium  per- 
mangunate  with  con  cent  rated  potassium  hydroxide,  potassium  man- 
ganate  is  formed  with  evolution  of  oxygen,  and  the  color  of  the  solu- 
tion becomes  green: 

4  KMnO,  4-  4  KOH  =  4  K,MnO«  4-  2  H,0  4-  O,  f- 

By  heating  solid  potassium  permanganate  to  240°   C,  potassium 
manganate  is  formed,  also  with  evolution  of  oxygen: 
2  KMnO«  =  KaMnO,  4-  MnO,  4-  0,  ]. 

Nickel,  Ni.    At.  Wt.  68.68 

Sp.  Gr.  =  8.9.    M.  It.  -  1452°  C. 

Occurrence. —  In  the  native;  slate  nickel  occurs  only  in  meteorm 
It  is  most  frequently  found  in  combination  with  sulfur,  arsenic,  and 
antimony  in  regular  and  hexagonal  crystallizing  minerals,  of  which  the 
following  are  the  most  important: 

Isometric  System;  Chloanthitc,  NiAs,;  gersdorffitc,  NiAsS;  ullmau- 
DJte,  NiSbS.  Hexagonal  System:  Niccolite,  NiiAsij  breithauptite, 
NitSbi;  millcrite,  NiA. 

Nickel  also  occure  as  regular  crystals  of  bunsonitc,  NiO,  isomor- 
phous  with  periclasite,  MgO,  and  nianuanofdtc,  MnO;  as  garnierito 
or  noumeite,  Ha(NiMg)SiO,  4-  aq,  n  mineral  occurring  in  New  t'ale- 
dimia,  from  which  pure  nickel  can  1m-  prepared;  and  finally  as  anna- 
bergite,  Ni|(AsO«)i  •  8  Hs0,  isomorphous  with  erythrite. 

Metallic  nickel  possesses  a  silver-white  color  and  is  difficultly  solu- 
ble in  hydrochloric  and  sulfuric  adds,  bUl  readily  soluble  in  nitric  acid. 
It  forms  two  oxides:  green  nickelous  oxide,  NiO,  and  brownish  black 
nickclic  oxide.  NiiO». 

By  dissolving  either  of  these  oxides  in  acids,  salts  of  bivalent  nickel 
are  always  obtained: 

NiO  4-  2  HC1  =  H,0  4-  NiCl,, 

N),0S  4-  6  HC1  =  3  H,0  +  2  NiC%  4-  CI,  f, 

2  Ni,Oi  4-  4  If,S0<  =  4  n»0  4-  4  NiS0«  4-  0,  t- 

Nickelous  oxide  Iwhaves  as  a  basic  anhydride,  but  nickclic  oxide 
act*  as  a  peroxide  and  forms  no  salts. 
The  crystallized  saltg  of  nickel  and  their  aqueous  solutions  are 


182  REACTIONS  OF  THE  METAI^S 

green,  but  in  the  anhydrous  condition  they  arc  usually  yellow.  Most 
of  the  Baits  arc  soluble  in  water;  the  sulfide,  carbonate,  ami  phosphate 
are  insoluble. 

Reactions  in  the  Wet  Way 

1.  Potassium  Hydroxide  precipitates  apple-green  nickelous  hy- 
droxide, 

Ni++  -I-  2  OH"  -i  Ni(OH),, 

UUOhlUe  in  excess  of  the  precipitant,  readily  soluble  in  acids. 

Boiling  the  solution  and  adding  hydrogen  peroxide  or  iodine  does  not  MTI  to 
oxidize  the  nickrloux  hydroxide  but  bromine  witter,  sodium  hypochlorite,  ]>otasBiiiiii 
ferricyanide  or  n  pereiilfalc  change*  it  tu  bluek  nickelic  hydroxide. 

The  pnwnoo  of  non-volatile  orgiinic  acids  and  sugar  prevents  the  precipitation 
of  the  bivalent  and  trivalcnt  nickcL 

Nickelous  hydroxide  dissolves  in  ammonium  carbonate  solution  giving  a  greenish 
blue  liquid  and  in  potassium  cyanide  to  form  potaMsium  nickclo-cyanide.  It  also 
dissolves  slowly  in  a  mixture  of  ammonia  and  ammonium  chloride  forming  nickelous- 
ammuniu  complex  ions. 

2.  Ammonia  prccipiinirs  (in  neutral  solutions  free  from  ammonium 
salts)  a  green  busic  suit, 

2  NiS04  +  2  NU4OH  =  (NiI4)jS04  +  Ni,S04-  (OH),, 

soluble  (with  a  blue  color)  iu  excess  of  ammonia,  forming  complex 
nickel  ammonia  ions  (cf.  p.  2")). 

Ni,S04- (OH),  +  12  NH, —  2  [Ni(NH,),]++  +  2  OH"  +  SO". 

In  the  presence  of  sufficient  ammonium  salt,  ammonia  produces 
no  precipitate,  as  with  Uiagneeiunij feiTOUS and  manganous  salts;  potas- 
sium  and  sodium  hydroxides,  however,  precipitate  the  green  hydroxide 
(difference  from  cobalt,  see  p.  189). 

The  anhydrous  chloride  and  sulfate  readily  absorb  ammonia,  form- 
ing anhydrous  nickel  .-immonium  salts: 

NICb  +  6 NH,  =  |Ni(NH,),]Cli;  NiSO,  +  o NH,  =  |Ni(NH,)8|SO,. 

The  nickel  ammonia  cations  are  very  stable  in  the  presence  of  an 
excess  of  ammonia.  In  pure  water  they  arc  in  equilibrium  with  a 
small  quantity  of  nickel  ions,  dissolved  ammonia,  and  ammonium 
hydroxide : 

[Ni(NH«)i|* *  —  HP*  -f  6  NH,;  NH,  4-  H.O  —  NH«OII. 

.'{.  Potassium  and  Sodium  Carbonates  precipitate  apple-green  nickel 
carbonate: 

NI++  +  CO,—  —  NiCO* 
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4.  Ammonium  Carbonate  behaves  similarly,  but  the  precipitate 
is  soluble  in  an  excess  of  the  precipitant,  forming  nickel  ammonia 
carbonate. 

5.  Sodium  Hypochlorite  precipitates  in  the  presence  of  alkalies 
all  of  the  nickel  as  brownish-black  nickolic  hydroxide,  Ni(OH)». 
Nickelous  hydroxide  is  first  formed  by  the  alkali  present,  but  it  is 
then  oxidized  by  the  hypochlorite  to  nickelic  hydroxide: 

2  Ni++  -f  4  OH"  4-  010"  +  H,0  —  2  Nl(OH),  4-  CI". 

On  adding  chlorine  or  bromine  to  the  nickel  solution  to  which  alkali 
has  been  added,  nickelic  hydroxide  is  likewise  formed: 

2  Ni(OH),  4-  2  OH"  4-  CI,  —  2  CI"  4-  2  Ni(OH),. 

6.  Barium  Carbonate  produces  in  the  cold  no  precipitation)  but  by 
emit  uuied  boiling,  all  of  the  nickel  is  thrown  down  as  basic  carbonate. 

7.  Hydrogen  Sulfide  precipitates  no  nickel  from  solutions  which 
contain  mineral  acid  or  much  ucetic  ucid;  but  from  solutions  slightly 
acid  with  acetic  acid  and  containing  an  alkali  acetate,  all  the  nickel  is 
precipitated  as  the  black  sulfide: 

Ni++  4-  2  CHjOT  4-  H,S  —  2  HCH.O,  4-  NiS. 

8.  Ammonium  Sulfide  precipitate*  from  neutral  solutions  the  nickel 

as  sulfide: 

NiCU  4-  (NH«),S  -  2  NH4CI  4-  NiS. 

Nickel  sulfide  has  a  marked  tendency  to  form  colloidal  solutions 
of  a  dark-brown  color,  especially  in  the  presence  of  ammonia  or  a  con- 
siderable excess  of  ammonium  sulfide.  By  making  the  brown  solution 
slightly  acid  with  acetic  acid  and  boiling,  the  hydrosole  is  coagulated 
and  can  l>e  removed  by  filtration.  The  presence  of  ammonium  salts 
also  favors  the  coagulation  of  the  hydrosole. 

9.  Villicre  has  developed  a  very  sensitive  b-.-t  which  depend*  upon 
I  In'  formation  <>f  »  brown  colloidal  solution  of  nickel  sulfide.  The  nickel 
salt  solution  is  treated  with  tartaric  acid  and  a  slight  excess  of  sodium 
hydroxide  and  is  then  saturated  with  hydrogen  sulfide:  a  part  of  the 
nickel  always  remains  in  solution  and  colors  it  dark  brown.  Cobalt 
ions  are  precipitated  as  cobalt  sulfide  by  this  treatment  except  when 
only  a  trace  of  cobalt  is  present  win  u  ii  i-  likely  to  give  a  brown  color; 
caustic  soda,  however,  causes  the  cobalt  sulfide  to  precipitate.  • 

If  it  in  d  (.wired  to  precipitate  tin- nickel  il  sulfide  from  .-in  .iminoiiiw  ;il  dilution,  it 
m  beet  to  mnkn  the  xolution  very  ulightly  ncid,  udd  a  little  ammonium  chloride 
oalcaB  considerable  i.i  already  present,  heat  to  boiling,  add  oolorlcn  ammonium 
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sulfide  drop  by  drop  until  no  further  precipitation  taktw  place,  and  then  add  0.5  to 
1  ce.  of  the  reagent  in  excess.  The  nickel  sulfide  thus  obtained  ran  l>c  filtered  with- 
out difficulty  and  the  Id  irate  is  free  from  nickel.  Ouring  the  filtration  care  should  be 
l:ikrn  in  kwip  the  filter  weD  filled  with  liquid  to  prevent  the  oxiil.il ion  of  the  prec-ipi 
t : 1 1 1- .  whi.'li  Um  place  rr:i<lily  on  mpofun  to  the  air.  To  wnsh  the  prccipihite  il 
is  well  to  uso  a  hot,  5  to  10  per  cent  ammonium  chloride  solution  to  which  a  litth 
colorless  ammonium  sulfide  has  been  added.  The  washing  can  also  he  effecU-d 
with  hydrogen  sulfide  water  without  there  being  any  danger  of  hydrowole  formation. 
Nickel  sulfide  is  difficultly  soluble  in  dilute  mineral  acids,  readily  soluble,  how- 
ever, in  strong  nitric  add  or  in  aqua,  regis,  with  separation  of  sulfur: 

3N1S  +  CUC1  +  2HNO,  -  3NiCU  +2NO|  +  4H*0  +  38. 

The  sulfur  usually  separates  out  as  a  black  film.  This  is  caused  by  the  sulfur 
first  melting,  owing  to  the  heat  of  reaction,  enclosing  small  particles  of  the  black 
sulfide  and  protecting  them  from  the  action  of  the  acid-  Hy  continued  action  of 
the  acid  all  t  bfl  sulfide  ia  dissolved,  and  the  sulfur  remains  as  yellow  drops,  which 
are  oxidised  little  by  little  to  sulfuric  acid, 

S  +  2  HNO,  =  11,80,  +  2  NO  T . 

Nickel  awl  cobalt  sulfides,  though  not  precipitated  by  hydrogen  sulfide  from  a 
dilute,  hydrochloric  neid  solution,  dissolve  with  difficulty  in  a  much  stronger  laid. 
Thin  is  perhaps  due  to  tin-  f»et  tlmt  these  sulfides  exist  in  two  allotropic  forms  of 
different  solubilities.  The  sulfide  first  precipitated  is  readily  soluble  in  acid,  but 
on  standing  it  becomes  changed  into  u  much  mure  iunoliibh'  condition.  \1 ..  t 
■  hv'ine-1  of  qualitative  analysis  arc  based  upon  this  behavior ;  the  nickel  and  •■ 
are  separated  from  zinc  arid  manganese  by  treating  the  ammonium  sulfide  precipi- 
tate with  ri. Id,  <lilnre  1 1 \  1 1 .  - • . M  > i  ii-  Midi  In  such  case*  some  nickel  and  ooball 
always  iklis  into  solution  and  the  quantity  dissolved  may  be  much  larger  than  ia 
ordinarily  ruaurned.  If  the  surface  exposed  to  the  action  of  the  acid  is  large,  or  if 
left  in  a  finely  divided  state  by  tin:  dii-solving  out  of  other  sulfide,  a  considerable 
quantity  of  nickel  di  wolves  in  a  comparatively  short  time.  The  reverse  reaction, 
the  prccipitatiou  of  nickel  sulfide  by  hydrogen  sulfide  in  very  dilute  acid  solution, 
also  taken  place  very  slowly  but  continuously.* 

10.  Potassium  Cyanide  produces  a  light-green  precipitate  of  nickt>l- 
oua  cyanide  readily  soluble  in  an  excess  of  the  precipitant,  forming 
potassium  nickclucyunide: 

Ni^  +  2  CN~  —  Ni(CN), ; 
Ni(CN),  +  2CN-—  [Ni(CN)4]~. 

The  [Ni(CN)«]  anion  is  a  stable  complex,  but  it  is  deeotnpotwd  by 
the  addition  of  acid.  This  is  because  Hj[Ni(CN)4|  is  a  very  weak  acid 
and,  like  carbonic  acid,  is  unstable: 

|Ni(CN)t]—  +  2  H+  5* HrJffi(CN)Jj 
H:[Ni(CN),]  j=*2  HCN  +  Ni(CN)s. 


•  Cf.  Norn.,  Biiat  and  8i*ab,  /.  Am.  Chem.  Soe..  1908. 
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In    alkaline    solutions,     containing     an    excess    of     cyanide,    the 
[Ni(CN)«J*"~  anion  is  not  dissociated  to  a  sufficient  extent  into  simple 
Ni"*-*  cations  to  give  a  precipitate  with  ammonium  sulfide  (difference 
manganese  and  zinc)   but  it  is  readily  decompose* I  l>y  an  oxi- 
dizing agent  such  as  chlorine,  bromine,  hypochlorite  or  hypobromite 

2[NTi(CN.)1r-+40H-+9BrO-+H,0-»2Ni<OH)J+8CNO-+9Br-, 
or 
2  [Ni(CN),]—  +  BOH"  +  9CI,  — 2Ni(OH),  +  8CNCI  +  10CI 

In  the  uliove  reactions,  first  of  all  any  excess  1ILJ1  cyanide  present  is  oxidixed  to 
cyonatc  or  to  CNCI.     In  the  alraeiice  of  an  excess  of  cyanide  ions,  the  (Ni(CN)il 
begins  to  dissociate,  |N«(CN).J       -♦  NH**  -I-  4CN~,  and  as  fast  as  the  ion*  aro 
formed,  they  both  bocomo  oxidised. 

\\  lirn  cobalt  ions  are  treated  with  an  excess  of  cyanide  ions  a  cobaltocyanide 
anion,  [Co(CN)«|"",  is  formed  which  i«  readily  oxidized  even  by  the  oxygen  of 
the  air  to  form  cobaltioyanide  ions,  (Co(CN)i|  .  These  anions  arc  so  stable  that 
they  are  not  decomposed  by  treatment  with  oxidising  agent*  in  alkaline  solution  mi 

no  cobalt  i»  precipitated  with  \i(OIIi,  by  tho  above  treatment.     It 
to  detect  0.2  nig  nickel  in  the  presence  of  300  ing.  of  cobalt  hy  this  reaction. 

The  tost  can  Itc  applied  to  the  solution  obtained  by  ditciolving  the  Kiilfidrai  of 
nickel  nnd  cobalt  lo  aqua  rcgia  as  follows:  Evaporate  tin-  nfcxtlOfl  nearly  to  dryness 
to  expel  most  of  the  ncid,  add  about  5  ec.  of  water  anil  then  mhIuhh  Irydrnxidc  wilu- 
tion,  drop  by  drop,  until  the  solution  is  neutral  or  until  a  permanent  precipitate  is 
produced.  Add  potassium  cyan ii I c  -uliiiu  U,  ■  few  drop,  al  a  time,  until  all  or  nearly 
all  of  any  prccipiUbsi  cyaiude  ndksoIVBB.  Then  odd  0.5  to  3  ec.  more  of  potns- 
auni  cyanide  solution  MOOrdlng  to  the  probable  amount  of  nickel  ami  cobalt  present. 
Heat  to  50s  or  *50°  in  an  open  dlsfa  for  fi ■■■••  minutes,  <>r  longer  if  the  solution  has  not 
become  light-colored.  This  serves  to  oxidize  the  robaltocyanide  to  cohalticyanide. 
Filter  off  and  reject  any  small  precipitate  that  may  remain.  Add  about  3  cc.  of 
2  N' sodium  hydroxide  solution  and  conduct  ohfofUM  Into  the  tolotioo  in  tin  ...M 
<ir  add  n  little  bromine  water.  A  precipitate  of  Ni(OH),  should  form  within  five 
minutes. 

11.  Sodium  Phosphate  precipitates  apple-green  nickel  phosphate, 

3  HI+*  +  4  HP( ),"  "  -  •  2  II, P(  |f  -T-  Ni3(PO,),, 

readily  soluble  in  aeida,  oven  acetic  acid. 

12.  Potassium  Nitrite  produces  in  dilute  nickel  solutions  no  pre- 
cipitate (difference  from  cobalt).  In  very  concentrated  solutions  a 
brownish-red  precipitate  of  \'it\'(  )'u  •  4  KNOs  is  thrown  down;  in  the 
presence  of  alkaline  earth  salts  a  yellow  crystalline  precipitate  is 
formed;  e.g.,  Ni(NOj)i  •  Ba(N02)i -2  KNOj,  which  is  very  difficultly 
soluble  in  cold  water,  but  readily  soluble  in  boiling  water,  with  a  green 
color. 

13.  Dimethylglyoxime.  —The  reagent  h  prepared  by  dissolving  1 
gin.  of  the  solid  in  1 00  cc.  of  98  per  cent  alcohol.  If  a  little  of  the 
reagent  is  added  to  a  solution  of  a  nickel  salt,  then  ammonia  to  slightly 
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alkali  in-  inn  t  urn,  and  the  solution  is  boiled,  a  red  crystalline  precipitate 
of  the  nickel  salt  of  dimethylglyoxime  is  formed: 

C'H,  -  C  -  NOB 
2  I  +  NiCl,  +  2  N  H,  -  9  N  tt,Cl  +  <C»H I4N4O0  NL 

CH,-C  =  NOll 

If  the  quantity  of  nickel  present  is  very  small,  at  firet  a  yellowish 

solution  is  obtained  from  which,  on  cooling,  red  needle*  arc  deposited, 
According  to  L.  Tsehugacff,*  who  first  proposed  this  qualitative  teat, 
the  presence  of  one  part  of  nickel  can  l>e  detected  in  the  presence,  of 
l(M),()(K)  parts  of  water.  The  reaction  is  not  influenced  by  the  presence 
of  ten  times  as  much  cobalt;  when  a  larger  proportion  of  cobalt  is 
present,  the  following  procedure  is  recommended: 

Detection  of  Tracei  of  ."Siekel  in    Cobalt  Halt* 

Add  stroug  ammonia  to  the  solution  of  the  col  mil  salt  until  a  door  solution  in 
obtained,  then  add  a  few  cubic  centimeters  of  hydrogen  peroxide  and  boil  the  solu- 
tion a  few  minutes  to  decompose  the  excess  of  thin  reagent.  Then  add  the  di- 
mclhylglyoxinic  and  uguui  bring  the  nutation  to  ;•  I « ■  1 1      A  very  tiutdl  quantity  of 

nickel  rauw«  a  red  scum  to  form  ud  the  glMI  xi > I ■  -^  ul   I  he  hc:iker  li imc  routed 

with  a  film  of  red  crystal*.  With  smaller  amount*  of  nickel  the  eolor  in  best  obnerved 
upon  the  filter  through  which  the  solution  in  poured  and  the  residue  washed  with 

lint    ivilt.'l 

The  above  reaction  is  the  moet  sensitive  test  known  for  detecting  nickel  in  the 

i. ;, -.,-,,, ••■•  ..I  mbalt. 

v.  Fortini  t  recommends  the  following  method  for  detecting  nickel 
in  alloys: 

Heat  the  metal,  from  which  all  greasy  or  oily  matter  has  been  removed,  at  one 
npot  with  the  oxidising  flame  of  the  biDWptpl  Cool  and  moisten  with  one  drop 
of  a  solution  of  0.3  grn,  dimetliy)i;l;.o\nin'  in  '<  <•<-.  ah.-nhol  ami  ■'<  <:••  eoucexilrated 
ammonium  hydroxide.  A  red  spot  at  onee  appears  if  nickel  is  present.  Whan 
copper  ia  present,  the  nickel  teat  in  obtained  before  the  copper  ammonia  color  is 
visible. 

1 1.  Ammonium  Thioacetate  precipitates  nickel  sulfide  from  am- 
inniacal  solution.  In  im  arid  solution,  sodium  thiosulfatc  has  no 
effect  but  in  neutral  or  alkaline  solutions,  nickel  sulfide  is  slowly 
precipitated. 

1').  Potassium  Ferrocyanide  precipitates  greenish  nickelous  ferro- 
cyanide,  Xis[Fe(C'N),|  which  is  not  very  soluble  in  dilute  hydrochloric 
acid. 

16.    Potassium  Ferricyanide  precipil  llowish  brown  nickelous 

ferricyanide,  Nii(Fe(CN)il».  The  precipitate  is  difficultly  soluble  in 
hydrochloric  acid.     In  the  presence  of  tartaric  acid  and  a  large  excess 


•  fier..  38  (1903),  2520. 
t  Chm.  Zta.  <1MS).  1401. 


of  ammonia,  potassium  ferri cyanide  forms  a  clear,  brownish  yellow 
solution. 

17.  Potassium  Thiocarbonate,  K2CS„  gives  a  dark  brown  coloration 
in  a  concentrated,  ammoniae.al  solution  of  a  nickel  salt,  or  a  reddish 
y.lluw  color  if  the  solution  is  dilute.  This  is  a  sensitive  test  for  nickel; 
cobalt  ions  do  not  interfere  but  manganese  and  zinc  ions  arc  likely  to 
interfere. 

18.  Ammonium  Molybdate  in  neutral  or  slightly  acid  solutions  of 
nickel  salts  causes  a  greenish  white  precipitation  on  heating  to  70". 

19.  Potassium  Chromate  reacts  only  slowly  with  a  cold,  neutral 
solution  of  a  nickel  salt.  At  the  boiling  temperature  a  chocolate- 
brown  basic  chromate,  NiCrO*  •  NiO,  is  formed  which  dissolves  easily 
in  acid  or  in  ammonia  water. 

20.  a-Nitroso-0-naphthol,  dissolved  in  50  per  cent  acetic  acid  gives  a 
brown  precipitate  of  the  following  composition;  lCwlI«0(NO)]jNi. 
The  precipitate  dissolves  in  hydrochloric  Mid. 

21.  Dicyandiamidine    Sulfate,    in    10    per    cent    aqueous    solu- 
gives  a  yellow,  crystalline  precipitate  of  nickel  dicyandiamidine, 

('CjHiNiOtJNi  -2HjO.  The  reaction  is  n  little  slow  in  starting  but 
the  test  is  sensitive  ami  characteristic.  If  the  nickel  solution  is  am- 
riioniacal  at  the  start,  and  contains  ammonium  chloride,  then,  after 
adding  the  reagent,  the  blue  color  is  at  once  changed  to  yellow  upon 
the  addition  of  caustic  soda  and  the  precipitate  forms  gradually. 

Reactions  in  the  Dry   Way 

The  borax,  or  so. I  mm  metaphosphnto,  bead  is  brown  in  the  oxi- 
dizifiK  flame,  almost  the  same  shade  as  the  strongly  saturated  man- 
ganese bead;  in  the  reducing  flame  the  bead  beoomaa  Kray,  due  to  the 
(urination  of  some  m.'i.illir  nickel.  On  looking  at  the  t>ead  through 
the  microscope  the  finely  divided  metal  can  be  seen  suspended  in  the 
colorless  glass. 

On  heating  nickel  salts  with  sodium  carbonate  on  charcoal,  a  gray 
scale  of  metallic  nickel  is  obtained.  This  reaction  is  best  performed 
with  the  charcoal  stick,  as  described  on  p.  bo.  The  magnetic  metal 
obtained  in  this  way  is  placed  on  a  piece  of  filter-paper,  dissolved 
in  nitric  acid,  a  drop  of  concentrated  hydrochloric  acid  is  added,  and 
the  paper  carefully  dried  by  moving  it  back  and  forth  over  the  flame. 
If  nickel  is  present  the  pajxT  appears  peenish  (colorless  with  very  small 
amounts  of  nickel),  or  bluish  if  cobalt  Lfl  also  present.  The  paper  is 
now  moistened  (where  the  nickel  i.-  ■  with  caustic  soda  or  potash,  and 
is  then  held  in  bromine  vapors,  which  are  obtained  by  shaking  some 
bromine  water  in  a  wide-mouthed  flask. 
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If  nickel  or  cobalt  is  present,  a  black  spot  will  be  formed  by  the 
above  treatment,  consisting  of  the  hydroxide  of  the  trivalent  metal 
(p.  183).  The  blackening  often  does  not  appear  at  first;  in  this  case 
the  paper  is  moistened  once  more  with  potassium  hydroxide  and  again 
treated  with  bromine.     The  spot  will  now  appear  if  nickel  ia  present. 

COBALT,  Co.     At.  Wt.  58.97 
Sp.  Gr.  =  3.5.     If.  Pt.  -  1490° 

Occurrence.  —  Like  nickel,  native  cobalt  is  found  only  in  meteorites. 
It  occurs  in  the  earth's  crust  chielly  as  sulfide,  arsenide,  and  as  salts 
of  thioarsenious  and  thioantimonous  acids;  it  is  almost  always  accom- 
panied by  nickel  and  iron.  The  most  important  ores  are  smaltite, 
CoAsa,  isometric;  cobaltitc,  CoAsS,  isometric;  skutteruditc,  CoAsj, 
isometric;  erythrite,  Co,(As()4),  •  8  H,0,  monoclinic,  isomorphous  with 
vivianite,  Fei(FOi)i  •  8  H,0,  and  with  unnabergite,  Nij(As04)a  •  8  HsO. 

Metallic  cobalt  is  steel  gray,  dissolves  much  mure  middy  in  diluti: 
acids  than  nickel,  and  is,  like  the  latter,  magnetic.  Cobalt  forms,  like 
iron,  three  oxides:  cobaltous  oxide,  CoO;  cobaltous  cobaltic  oxide, 
CojOt;  cobaltic  oxide,  CoaO,. 

By  dissolving  these  throe  oxides  in  acids,  salts  derived  from  cobalt- 
ous  oxide  are  always  obtained,  containing  bivalent  cobalt: 

CoO  +  2  HC1  -  H,0  +  CoCl,, 
Co.0,  -f-  6  HC1  =  3  H,0  +  2  CoCl,  -f-  CI,  T  , 
Co,0,  +  8  HC1  -  4  H,0  +  3  CoCl,  +  CI,  T  . 

Simplr  eobnltie  salts  ure  unknown,  but  many  complex  compounds 
exist  with  trivalent  cobalt,  as,  for  example,  potassium  i-ohalt.iuit.ritc, 
potassium  cobalticyanide,  and  numerous  cobalti-ammonia  derivatives. 

Cobaltous  compounds  in  a  crystallized  state  (as  well  as  in  aqueous 
solution)  are  pink,  in  the  anhydrous  condition  yellow  or  green,  and 
blue  in  aqueous  tohltfoOB  in  the  presence  of  hydrochloric  acid.  The 
solubility  reactions  of  cobaltous  salts  are  similar  to  those  of  manganese 
and  nickel. 

Reactions  in    the   tf'et    Way 

1.  Potassium  or  Sodium  Hydroxide  precipitates  in  the  cold  a  blue 
basic  salt: 

Co*+  +  CI"  +  OFr->Co(OH)Cl, 

which  on  warming  is  further  decomposed  by  hydroxyl  ions  forming 
pink  cobaltous  hydroxide: 

CoOHjCl  +  OH-—  CI"  +  Co(OH)i 
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In  the  case  of  a  moderately  concentrated  solution  of  the  alkali  the 
precipitate  of  pink  cobaltous  hydroxide  is  often  produced  in  the  cold, 
sometimes  only  after  standing  some  time.  The  rapidity  of  the  reaction 
depends  entirely  upon  the  concentration  of  the  alkali. 

Cobaltous  hydroxide  gradually  turns  brown  in  contact  with  the  air, 
going  over  into  cobaltic  hydroxide: 

4  Co(OH),  +  2  H,0  +  0»  —  4  Co(OH),. 

In  this  respect  cobalt  behaves  similarly  to  iron  and  manganese, 
and  differs  from  nickel,  for  the  hydroxide  of  the  latter  is  not  oxidized 
by  atmospheric  oxygen. 

On  adding  chlorine,   bromine,  hypochlorites,  hydrogen   peroxide, 
etc.,  to  an  alkaline  solution  containing  cobaltous  hydroxide,  cobaltic 
hydroxide  is  immediately  formed,  us  with  nickel  and  manganese, 
2  Co(OH),  +  2  OH"  +  CI,  =  2  Qt  +  2  Co(OH)„ 
2  Co(OH),  +  HOH  +  OCT  =  CI"  +  2Co<OH),. 

From  ammoniacal  cobalt  solutions  the  above  oxidizing  agents 
cause  no  precipitation,  but  merely  a  red  coloration;  the  addition  of 
potassium  hydroxide  then  causes  no  precipitation  (difference  from 
nirkel). 

The  presence  of  non-volatile  organic  acids  or  of  migiir  prevents  the  prccipilui 

of  cobaltous  and  cobaltic  hydmxides. 

Cobaltous  hydroxide,  (30(011).,  btfatVM  under  some  conditions  as  a  wo.ik  :u-nJ, 
for  on  adding  to  a  cobaltous  solution  a  very  concentrated  solution  of  KOI  I  or  XaOII 
i  lie  i'ri'i|iitato  at  first  produced  dissolves  with  a  blue  color  *  similar  to  copper. 
By  the  addition  of  Uoeliolle  salt*)  to  thin  bbn. Imlt  wilutioii  tin-  color  ritln-r  ■dis- 
appear* almost  en u rely  or  Ix-comea  a  pale  pink,  while  the  similarly  treated  copjwr 
solution  become*  more  intensely  blue-  By  the  addition  of  potassium  cyanide  to 
the  blue  cobalt  solution  it  becoimw  yellow,  and  in  contact  wit!)  mr  turns  intensely 
brown.  A  copper  solution  would  be  decolorised  by  the  addition  of  potassium 
cyanide. 

By  pouring  a  little  cobalt  solution  (or  adding  a  little  solid  cobalt  carbonate)  into 

a  concentrated]  solution  of  caustic  -"d;i  or  |.ol:i-.li,  to  wliirli  m  little  Klycurol  li:i-  I"  en 
■ddtd,   ii  blue  solution    is    funned    (the    color    being    inteii-iln-.l    liv   HaiUUIg)|  Bod 

after  standing  sonic  time  in  the  air,  or  m kH .rtMy  upon  the  addition  of  hydrogen 

peroxide,  it  becomes  a  beautiful  green. 

2.  Ammonia  precipitates,  in  the  absence  of  ammonium  salts,  a 
blue  basic  salt,  soluble,  however,  in  excess  of  ammonium  chloride. 
No  precipitate  is  formed  therefore,  in  solutions  which  contain  sufficient 
ammonium  chloride,  hut  the  dirty-yellow,  ammoniacal  solution  gradu- 
ally turns  reddish  on  exposure  to  the  air,  owing  to  the  formation  of 
Wiy  stable  cobalti-ammonia  derivatives. 


•  Ed.  Donath.  Z.  owtl.  Ch*m.,  40  (1901),  137. 
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.'{.  Alkali  Carbonates  produce  u  reddish  pnvipitatc  of  basic  salt  of 
varying  composition. 

•1.   Ammonium  Carbonate  also  precipitate*  a   reddish   banc  salt, 

Soluble,  however,   II)  excess. 

5.  Barium  Carbonate  precipitates  DO  cobalt  in  the  cold  and  out 
of  contact  with  air,  but  on  exposure  to  the  air  cobaltic  hydroxide  is 
gradually  thrown  down.  The  precipitation  takes  place  much  more 
quickly  on  the  addition  of  hypochlorites  or  hydrogen  peroxide: 

2Co++-f-2BaCO,-r3  naO+OCl_-»2Ba+++Cr+2Co(OH),+2COa  f  . 

If  the  solution  is  heated  to  boiling,  all  of  the  cobalt  is  precipitated 
as  a  basic  salt,  even  out  of  contact  with  the  air. 

6.  Hydrogen  Sulfide  produces  no  precipitate  in  solutions  contain- 
ing mineral  acids.  In  neutral  solutions  containing  an  alkali  acetate 
all  of  the  cobalt  is  precipitated  as  black  sulfide. 

7.  Ammonium  Sulfide  precipitates  black  cobalt  sulfide, 

Co+*+S---*CoS, 

insoluble  in  ammonium  sulfide,  acetic  acid,  and  very  dilute  hydro- 
chloric acid  (cf.  p.  184);  soluble  in  concentrated  nitric  acid  and  aqua 
rcgia,  with  separation  of  sulfur: 

3  CoS  +  8  HNO,  =  4  H,0  +  2  NO  |  +  3  S  +  3  Co(NO,),, 

By  continued  action  of  strong  nitric  acid  all  the  sulfur  goes  iuto 
solution  as  sulfuric  acid. 

The  addition  of  an  oxidizing  agent  always  helps  an  acid  to  dissolve  an  insoluble 
sulfide.  The  solution  in  contact  with  a  sulfide  precipitate  at  first  contains  enough 
lulflde  ions  to  satisfy  the  solubility  product  of  the  sulfide.  When  hydrogen  ions 
am  added  nonionized  hydrogen  sulfide  is  formed  unless  the  solubility-product  of 
il  that  less  sulfide  ions  are  present  than  would  In-  formed  by  the 
ionization  of  H»S.  If  an  appreciable  quantity  of  HjS  is  formed,  it  can  lie  expelled 
i  ml  I  In-     ulliiic  v.  .11    li      'Ivi-      Bometirn."..   In  ><.\"\vr,   tin.-,  t.it.i  ■   pl:i.v  very 

slowly  and  then  tho  addition  of  an  oxidizing  ngent  is  necessary.  The  sulfide  ions 
in  solution  an-  oxidized  to  free  nulfur.  The  soluliilitx -product  of  the  sulfide  is  no 
lunger  n m.-IhhI  in  lohiiioti,  fur  as  font  as  a  little  of  tlie  substance  dissolves  the  sulfide 
ions  ar*-  oxidized. 

8.  Potassium  Cyanide  produces  in  neutral  solutions  a  reddish- 
brown  precipitate,  soluble  in  MtOOM  of  ptitassiiirn  cyanide  in  the  cold, 
with  a  brown  color,  forming  potassium  cohnltocyanide: 

Co++  +  2  CM"  —  Co(CN): ;  CoCN*  +  4  CN~  -» (Co(CN),]~. 

On  warming  the  brown  solution  for  some  time  it  becomes  bright 
yellow  and  reacts  alkaline;  it  now  contains  potassium  cobalticyanide, 
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of  analogous  eonpoation  to  potaodum  I tnioyanide.    The  formation 

of  tho  cobaltie  salt  takes  place  with  the  help  of  atmospheric  oxygen: 

4  lCo(CN)tl~  +  O,  +  2  H»U  -+4  lCo(CN),l"  "  +  4  OH". 

The  reaction  takes  place  more  quickly  in  the  presence  of  chlorine, 
bromine,  hypochlorites,  etc.: 

2  (Co(CN)a]--  +  0W-*  2  lCo(CN).l + 201- 
Aii  I'xiw  nf  chlorine,  bromine,  etc.,  does  not  decompose  the  cobaltie 
It  (difference  from  nickel). 

The  eobalticyanide  anion  is  much  more  stable  than  the  cohalto- 
cyanide  anion.  By  adding  hydrochloric  acid  to  the  brown  solution  of 
potassium  cobaltocyanide,  hydrogen  cyanide  will  be  set  free  and  yellow 
cobaltous  cyanide  formed, 

|Co(CN),l"  4-  4  H+  —  4  HCN  4-  Co(CN),, 

while  potassium  eobalticyanide  is  not  decomposed  by  hydrochloric  acid. 

Potassium  eobalticyanide  forms,  with  mu«t  of  the  heavy  metals, 

difficultly  soluble  or  insoluble  salts  possessing  characteristic  colore. 

Thus,  it  produces  with  cobaltous  salts  pink  cobaltous  eobalticyanide: 

2  [Co(CN),]—  4-  3  Co++-  Co,[Co(CN)»],, 

and  with  nickel  salts  greenish  nickelouN  eobalticyanide. 

If,  therefore,  a  cobalt  solution  contains  nickel  it  gives,  on  precipi- 
tating and  rudissolviiig  with  potassium  cyanide,  boiling,  and  adding 
hydrochloric  acid,  a  greenish  precipitate  of  nickelous  eobalticyanide: 

2  |Co(CN),|— 4-3  (Ni(CN)«|-- 4-12  H+  —  12  HCN4-Ni5[Co(CNU. 

If  potassium  nitrite  and  aixlie  acid  are  added  to  a  solution  of  potassium  cobalto- 
cyanide. the  liquid  becomes  blood-rod  in  color  owing  to  the  formation  of  potAwium 

iiitnu'dlmliirviuiKic.  l\  ,<:<>,(.(.  :.\'i,N<>>  •  •'*  HiO. 

If  a  solution  of  potrntaiuin  cobaltocyanide  is  shaken  with  iiodiuin  hydroxide,  it 
become*  brown  and  on  adding  yellow  ammonium  sulfide  a  blood-red  coloration  ia 
obtained. 

9.  Potassium  Nitrite  produces  in  concentrated  solutions  of  cobalt 
salts,  with  the  addition  of  acetic  acid,  an  immediate  precipitation  of 
yellow,  crystalline  potassium  cobaltinitrite.  If  the  solution  is  dilute, 
the  precipitate  appears  only  after  standing  for  some  time,  but  more 
quickly  on  rubbing  the  sides  of  the  beaker. 

Co-*-  4-  7  NOT  +  3  K+  4-  2  H+  -*  NO  4-  H,0  4-  K,[Co(NO,).|. 


This  reaction  offers  an  excellent  menus  for  detecting  the  presence 
of  cobalt  in  nickel  salts. 
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10.  Ammonium  Thiocyanate  (Vogel's  reaction).*  If  a  concen- 
trated solution  of  ammonium  thiocyanate  is  added  to  a  cobultous  solu- 
tion, the  latter  becomes  a  bountiful  blue,  owing  to  tin-  formation  of 
ammonium  cobalt  othiocyanate: 

Cv*+  +  4  CNS"  +  2  NH«+  —  (NH1)1[Co(CNS),]. 

On  adding  water  tin-  blue  color  disappears  and  the  pink  color  of  tin- 
cobaltous  salt  takes  its  place.  If  amyl  alcohol  f  is  added  (or  a  mixture 
of  equal  parts  amyl  alcohol  and  ether),  and  the  solution  shaken,  the 
Upper  alcoholic  layer  is  colored  blue.  This  reaction  is  00  sctisii  .ivc 
that  the  blue  color  is  recognizable  when  the  solution  contains  only 
0.0002  mg.  of  cobalt.  The  blue  solution  also  shows  a  characteristic 
absorption  Ipectnim.t  Nickel  salts  produce  no  coloration  of  the  amyl 
alcohol.  If,  however,  iron  is  present,  red  Fe(CNS)s  ia  formed,  which 
likewise  colors  the  amyl  alcohol,  making  the  blue  color  (dun  to  the 
cobalt)  very  iudistiiiel,  so  that,  under  some  conditions,  it  can  no  lonin-r 
be  detected.  If,  however,  2  or  3  cc.  of  concentrated  ammonium  acetate 
solution  and  2  or  3  drops  of  50  per  cent  tartaric  and  solut  ion  arc  added, 
the  red  color  produced  by  Fe(CNS),  will  disappear  and  the  blue  color 
of  the  cobalt  compound  will  be  seen. 

The  blue  color  in  probably  that  of  OBdlN0d«t«d  (>TH,),|Co(CN8).l.  When 
the  notation  b  •litntnd,  the  salt  in  ionixed  nnd  the  complex  anion  nki  in  in  equi- 
librium with  cobalt  ions,  the  more  diJute  the  solution,  tho  Knitter  the  ionization 
(cf.  p.  18).  The  alcohol  and  ether  probably  dissolve  only  the  unditnociatexl 
i.NHifi|('o(('.\S)i|  and  this  ia  evidently  present  to  some  extent  in  tho  aqueous  solu- 
tion, although  ita  oolor  is  obscured  by  that  of  eobaltoua  ions. 

11.  Ether  Saturated  with  Hydrogen  Chloride  docs  not  precipitate 
at i  anhydrous  cobaltous  salt,  as  in  the  SMC  of  nickel,  but  will  dissolve 
the  blue,  anhydrous  cobaltous  chloride.  This  furnishes  a  basis  of  a 
method  for  separating  nickel  and  cobalt. 

12.  a-Nitroso-/3-naphthol,  C»H«(NO)OH,  produce*  a  voluminous, 
purple  red  precipitate  of  cobalti-nitroso-/3-naphthol,  1C,oH«(NO)0]jCo, 
winch  is  insoluble  in  cold,  dilute  nitric  or  hydrochloric,  acid.§ 

This  reagent  servo  not  only  for  qnu.lital.ivc  purposed,  but  can  also  be  used  for 
tlie  qtmntitutivr  ,i.t<Ti'im:«i i.in  of  cobalt  in  I  lie  pn-wii'-i  ■><  nickel  The  te«t  may 
he  applied  !■■  in viini'iir tv  In  tlw subitum  obtained  in  t In-  iisinil  ■( u:ili (:li i %-••  KotDM after 
tlie  removal  of  all  mouiU  . - x . - 1 - j  it   nickel  nnd  cobalt.      A  pnrt  of  the  solution  may  lie 

'  UfT.,  IS,  2314;  Thkadwell,  Z.  anorg.  Chem.,  26  (1001 1.  105. 

f  T.  T.  Morreul  first  showed  that  cobalt  salto  give  a  blue  color  with  ammonium 
thiocyanate.  diaappr.arin<  on  Hit:  addition  of  water,  but  reappearing  when  alcohol 
i*  iddsd      Z    irtai.  Chem.,  18,  251. 

1  Wolff,  Z.  anal.  Chem.,  18,  58. 

§  Illxski  and  v.  Kiwiuutc,  Her.,  18,  699  (1885). 
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used  far  ihe  sensitive  nickel  te*t  with  ilmxt  hylglyoxime  (p.  1SS)  and  tbe  remainder 

u.-i'd  for  I  lie  miliiill  test, 

Dilute  tin-  solution  t . .  about  .Ml  r.  .  udd  I  it.  of  <>  X  livdroohlorio  and  urnl  20  cc. 
of  8  N  acetic  acid.  IleAt,  add  50  cc.  of  a  maturated  solution  <if  niunwo-0-iia|jhiln>l 
in  50  per  cent  acetic  acid  and  boil.  If  its  much  a*  0.1  mg.  of  cobalt,  i*  present,  :i 
red  precipitate  or  turbidity  is  obtained  even  in  the  presence  of  250  mg.  of  Dialed 

When  mure  than  lflO  mg.  of  nickel  is  present,  however,  some  of  the  brownish-yellow 
nickel  compound,  (CioH«(NOjOjiNi,  will  precipitate  after  the  solution  cook. 

The  reagent  used  ui  tliia  Uat  should  be  froshly  prepared.  Nitroeo-0-naphthul 
gradually  decompose*  <m  standing  in  the  idr  and  changes  from  yellow  to  brown  or 
even  black  in  color.  It  can  be  purified  by  dissolving  in  hot  sodium  carbonate, 
filtering  and  repreeipitating  with  sulfuric  acid.  For  all  ordinary  purpose*  Un- 
saturated solution  in  50  per  cent  acetic  acid  is  most  suitable.  The  cobult  tent  can 
lie  made  more  delicate  by  adding  an  diiia!  volume  of  alcohol  to  the  test  and,  for 
detecting  trace*  of  imI.hH.  an  :upieous  solution  of  the  organic  suiUtanee  can  In- 
used,  but  as  5000  cc.  of  water  are  required  to  dissolve  1  gm.  of  the  nitroso-0-naphthol, 
it  is  evident  that  the  aqueous  solution  is  not  suitable  when  much  cobalt  is  present. 

\n  i-xic  -  ui  « ! i . ■  nagcul  '"■  ri'ipiii'i-d,   .'i.'.  :i  (i.irt  of  it   i.i  imd  lo  oxidise  llif  ml.:ili    I., 

the  trivulciit  nmdition. 

Copper  gives  a  characteristic  coffee-brown  precipitate  with  the  reagent  and  it  is 
poaaible  to  separate  copper  from  lead,  cadmium,  etc.,  by  means  of  it.  Ferric  iron 
given  a  brownish-black  precipitate  which  is  insoluble  enough  to  serve  as  a  menus  of 
separating  iron  from  iilumiiiium,  maagaiicae,  etc.  Ferrous  iron  also  gives  a  greenish 
precipitate  in  neutral  solutions.  Of  all  these  precipitates,  however,  the  cobalt 
compound  is  the  most  characteristic  ami  the  least  influenced  by  the  presence  of 
i  nl  Thug  with  the  acidity  recommended  above,  the  presence  of  n  little  ferric  or 
ferrous  iron  cause*  no  dbtUrbaOi  i 

13.  Ammonium  Thioacetate  precipitates  cobaltoua  sulfide  from 
ammoniacal  solutions.     Sodium  thiosulfate  has  no  action  upon  ucid 

solutions,  and  in  neutral  solutions  an  inc plete  precipitation  of  <•<>- 

baltous  sulfide  is  obtained. 

14.  Potassium  Ferrocyanide,  precipitate*  green  cobaltoua  ferro- 
Oyaoide,  (.oj[Fe(CN)e],  difficultly  soluble  in  hydrochloric  acid. 

15.  Potassium  Ferricyanide  precipitates  brownish  red  cobaltoua 
li  rrii  v.ini.l  Cos[Fe(CN)B],  scarcely  Boluble  at  all  in  hydrochloric  acid. 
If  tartaric  acid  or  ammonium  chloride  and  an  excess  of  ammonia  are 
added  to  a  solution  of  a  simple  cobalt  salt,  a  clear  solution  is  obtained; 
the  addition  of  ferricyanide  causes  a  yellowish  red  coloration.  This 
sensitive  reaction  has  been  recommended  for  the  detection  of  cobalt 
in  the  presence  of  nickel. 

16.  Potassium  Thiocarbonate,  K5C8j,  added  to  an  ammoniacal 
cobalt  solution  gives  a  brownish  or  black  color  if  much  cobalt  is 
present,  and  a  wine-yellow  color  with  wry  little  cobalt. 

17.  Potassium  Chromate  gives  a  brownish-red  precipitate  of  basic 
cobaltous  chromate,  CoCrO,  •  CoO  •  H»0.  The  precipitate  dissolves 
in  acids  and  in  ammonia  water. 
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18.  Dimethylglyoxime  gives  no  precipitate  with  an  ammoniacal 
cobalt  solution  but  a  winc-rcd  color  is  obtained  if  hydrogen  sulfide  a 
n  urn n an  1  m 1 1  sulfide  is  also  present. 

19.  Dicyandiamidine  Sulfate  gives  no  precipitate  in  ammoniacal 
cobalt  solutions  upon  the  addition  of  sodium  hydroxide.  If  a  suffi- 
cient quantity  of  cane  sugar  is  added  a  complex  ion  is  formed  with  the 
sugar  and  there  is  no  danger  of  precipitating  cobalt  hydroxide  with 
the  sodium  hydroxide.  This  complex  has  a  deep  red  color.  This 
red  color  can  be  seen  after  the  precipitation  of  nickel  with  dicyan- 
dhunidine  sulfate. 

DMtotfMI  of  Tracts  of  Cobalt.  In   M.-I..-I  Salt* 

To  test  a  nickel  salt  for  cobalt,  add  a  concentrated  solution  of 
ammonium  thiocyanate  to  the  solution  of  a  considerable  amount  of 
the  salt,  a  few  cubic  centimeters  of  arayl  alcohol  arid  ether  and  shake 
the  mixture.  After  settling,  if  the  upper  alcohol-ether  layer  is  color- 
less, then  the  nickel  salt  contains  neither  iron  nor  cobalt;  if  the  layer 
is  reddish,  iron  is  present.  In  the  latter  case  add  2  or  3  cc.  of  con- 
centrated ammonium  acetate  solution  and  2  or  3  drops  of  50  per  cent 
tartaric  acid  solution  and  shake  again;  if  cobalt  is  present  the  alcohol- 
ether  layer  is  now  distinctly  bluo. 

Sometimes  when  very  little  cobalt  and  considerable  nickel  is  present  it  is  diffi- 
cult to  i.  II  wlni  Iit  the  aniyl  alcohol  in  colored  blue  or  not.  In  that  case  pour  Umj 
solution  into  a  sejmratory  funnd  mul  ilraw  off  the  lower  layer  containing  the  green 
nickcloun  ho! nt ion.  Add  n  little  moro  rumnoniurn  thiocyanata  solution  to  the  amyl 
alcohol,  l  «;c.  of  ammonium  acetate  solution,  1  drop  of  tartaric  acid  solution  and 
shako  a«ain.     The-  blue  color  should  now  aprxw  if  any  cobalt  is  present. 


Reactions  in  the  Dry  Way 

The  bead  produced  by  borax  or  sodium  mctaphoaphate  is  blue  in 
both  the  oxidizing  and  reducing  (lames.  By  holding  the  bead  in  the 
upper  reducing  flame  for  a  long  time  it  is  possible  to  reduce  the  cobalt 
to  metal,  when  it  appears,  like  nickel,  gray. 

On  tho  charcoal  stick  cobalt  compounds  yield  gray  metallic  cobalt, 
which  can  be  removed  by  means  of  a  magnetised  knife-blade  placed 
on  filter  paper,  dissolved  in  hydrochloric  acid  nnd  dried,  as  described 
on"p.  67.  The  paper  is  then  colored  blue  by  cobalt  (difference  from 
nickel).  If,  now,  sodium  hydroxide  is  added  and  the  paper  exposed 
to  the  action  of  bromine  vapors,  black  cobaltic  hydroxide,  Co(OH),, 
is  formed. 
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ZINC,  Zn.    At.  Wt.  65.37 
Sp.  Gr.  -  6.9.    M.  Pt  -  419°.    B.  Pt.  -  918° 

Occurrence.  —  Suiithsonite,  ZnC03,  isomorphous  with  calcitc, 
CaCOj,  etc.;  sphalerite,  ZnS,  isometric;  calamine,  Zn2SiO«  +  HjO, 
orthorhombic,  hemimorphic;  zincite,  ZnO,  hexagonal;  and  franklinite, 
(FcOi)j(Fe,Mn,Zn),  isometric. 

The  most  important  sine  ore  is  sphalerite,  ZnS.  Sulfide  of  zinc 
is  dimorphic  and  is  also  found  as  wurtzite,  which  crystallizes  in  the 
hexagonal  system. 

Metallic  zinc  is  bluish  white.  At  low  temperatures  and  at  about 
200°  C.  it  is  so  brittle  that  it  can  be  pulverized,  but  at  110o-150°  C. 
it  is  ductile  and  can  be  drawn  out  into  wire  and  rolled  into  foil. 

Zinc,  as  its  position  in  the  electromotive  series  indicates  (p.  41), 
dissolves  readily  in  all  acids;  in  hydrochloric,*  sulfuric,  and  acetic 
acids  with  evolution  of  hydrogen : 

Zn  +  2H+->Zn++  +  H,T. 

Zinc  is  such  astrong  reducing  agent  that  it  easily  reduces  nitric  acid, 
the  extent  of  the  reduction  depending  upon  the  concentration  of  tin- 
acid.  With  very  concent. ratud  acid,  sumo  NO*  is  obtained,  while  dilute 
acid  is  reduced  to  ammonium  nitrate.  In  ordinary  acid  the  principal 
product  is  nitric  oxide,  NO. 

3  Zn  +  8  HNO,  —  3  Zn++  +  0  NO,"  +  4  H,0  +  2  NO  | . 
4  Zn  +  10  HNO,  —  4  Zn-*-*"  +  8  NOT  +  NH«NO,  +  3  H,0. 

Like  aluminium,  zinc  dissolves  in  caustic  soda  or  potash,  with  evo- 
lution of  hydrogen  and  the  formation  of  a  zincate: 

Zn  4-  2  OH"  —  ZnO,--  4-  H,  J  . 

Zinc  forms  only  one  oxide,  ZnO.  It  is  a  white  infusible  powder, 
which  becomes  yellow  when  heated,  but  turns  shite  again  on  cooling. 
Zinc  oxide  dissolves  readily  in  ncids,  forming  zinc  salts: 

ZnO  4-  H,SO,  =  H30  +  ZnSO,. 

There  exists  only  one  series  of  zinc  salts,  and  the  zinc  is  always 
bivalent.  Most  of  the  salts  are  white.  The  chloride,  nitrate,  sul- 
fate, and  acetate  arc  soluble  in  water;  the  remaiudei  lissolve  readily 
in  mineral  acids. 


•  Absolutely  pure  nine  dissolve*  very  slowly  in  Ukw  acids  but  the  metal  dissolves 
readily  if  a  trace  of  some  metal  lower  in  the  electromotive  series  is  present. 
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Reaction*  in   the  Wet  Way 

1.  Potassium  or  Sodium  Hydroxide  preeipitates.white,  gelatinous 
sine  hydroxide,  easily  soluble  in  6X060  of  tin:  precipitant,  forming  a 
sincatc:  * 

Zn^  +  2  OH-  —  Zn(OH)a;  Zn(OH),  +  OH"  *=?  HZnOr  +  H,0. 

Zinc-  hydroxide,  like  aluminium  hydroxide,  behaves  Bometimea  :is  a 
base  and  sometimes  aa  an  acid. 

On  boiling  a  dilute  solution  of  a  zincate,  hydrolysis  takes  place  and 
/iiii  hydroxide  is  precipitated,  but  if  the  solution  contains  an  excess  of 
OH"  ions,  thore  is  no  precipitation. 

2.  Ammonia  precipitates  from  neutral  solutions,  free  from  am- 
monium salts,  zinc  hydroxide,  readily  soluble  in  ammonium  salts,  as 
in  the  ease  of  magnesium,  nickel,  manganese,  or  iron: 

Ztt++  +  2  NH,OH  ^  Zn(OH)2  +  2  NH,+. 

Zinc  hydroxide  is  also  soluble  in  an  excess  of  ammonia,  due  to  the 
formation  of  complex  zinc  ammonia  ions: 

Zn(OH),  -h  6  NH,  —  lZn(NHi)8)++  +  2  OH". 

3.  Alkali  Carbonates  precipitate  a  white,  basic  carbonate,  of  vari- 
able composition,  us  with  magnesium. 

4.  Ammonium  Carbonate  does  the  same,  except  that,  the  precipi- 
tate is  soluble  in  an  excess  of  the  reagent.  The  presence  of  ammonium 
salts  or  of  ammonia  prevents  the  precipitation. 

5.  Barium  Carbonate  precipitates  no  zinc  in  the  cold,  but  on  boiling 
all  the  zinc  is  precipitated  as  basic  carbonate. 

ii.  Sodium  Phosphate  precipitates  gelatinous,  tertiary  zinc  phos- 
phate, which  soon  becomes  crystalline,  and  is  soluble  in  ammonia  and 
in  acids : 

3  Zn++  +  4  HPOT"  —  2  II»P0r  +  Zn*(PO«)t. 

In  the  presence  of  ammonium  salt,  the  less  soluble  zinc  ammonium 
phosphide  is  precipitated: 

Zn++  +  NHi*  +  2  HPO«"  -♦  H,POr  +  ZnNH.PO,. 

Both  zine  phosphate  and  zinc  ammonium  phosphate  dissolve  readilv 
in  dilute  acids,  owing  to  the  formation  of  very  slightly  ionized  HP04"  -, 
and  in  dilute  ammonia,  owing  to  the  formation  of  zinc  ammonia  oationa 


•  According  to  Hantzrch  the  zinc  is  not  present  ns  zincate.  but  pmlwiMy  in 
c.illniilal  solution.     Z.  anorff.  ('hem..  30,  289  (1903).     In  fairly  cono'nti-it..|  aolu- 

' |    ImwVi  it  i»  cwUun  thnt  tin   /m.    Ii  praMOt  as  zincair   for  F.  Foersteh 

tad   < ).   C.ifvnir.ii.    '/..   FArttrochrm..   6,   301    (1000),   have   uolnbxl   the  compound. 
NaHZnO,  •  3  HiO.  U  needle*  with  -ilky  Infer. 


ZINC 


197 


Acids,  therefore,  deprive  the  solution  of  P(\  '  anions  by  forming 
HPO4",  and  ammonia  deprives  the  solution  of  zinc  ions  by  forming 
[Zn(NH,)«]++. 

7.  Hydrogen  Sulfide  precipitates  the  zinc  as  sulfide,  from  neutral 
solutions  of  a  zinc  salt: 

Zn++  +  H,S  <=t  ZnS  -f  2  H+. 

The  solubility  product  of  sine  sulfide  (p.  22)  is  about  1.2  X  10"".  At  25*  the 
concentration  of  a  saturated  solution  of  hydrogen  milfidc  is  about  0.1  molar  And  the 
ionization  constant  for  the  complete  ionization,  IljS  «  2  H+  +  S  ,  has  been  ofti- 
nuititl  to  !«•  1.1  X  10~".  The  concentration  of  the  sulfide  ion  in  such  it  solution 
«  approximately  1.2  X  10~u  molar  equivalents  i>cr  bter.  The  solubility-product 
of  zinc  sulfide  ||  t-vnliirii.ly  exceeded  when  the  aquroii.-  folutmu  of  a  zinc  salt  is  satu- 
rated with  hydrogen  sulfide  and  zinc,  sulfide  is  precipitated.  The  mate-action 
principle  applied  to  the  complete  ionization  of  hydrogen  sulfide  shows  that  the  con- 
centration of  sulfur  ions  is  inversely  proportional  to  the  square  of  the  concentration 
of  the  hydrogen  ions.  If  the  concentration  of  the  hydrogen  ions  is  increased  one 
thousandfold,  and  this  is  approximately  the  case  when  the  solution  is  tenth-normal 
with  it  mineral  acid,  the  concentration  of  the  sulfide  ions  from  hydrogen  sulfide  in 
reduced  to  one-millionth  »i  U«  value  in  pure  water. 

The  separation  of  Um  second  group  of  metals  from  the  third- group  is  usually 
accomplished  by  passing  hydrogen  sulfide  into  a  solution  which  is  about  i).3-nnrmal 

with  hydroehlnr r  nitric  arid.     The  concentration  of  the  sulfide  ion  when  such  a 

solution  is  saturated  with  hydrogen  sulfide  at  25°  is  about  1.1  X  I0~ **.  To  reach 
the  solubility  product  of  zinc  sulfide  in  0.3-normal  arid,  the  zinc  ions  should  rrach 
the  conocntmtion  of  about  0.11  mole  per  liter,  or  aliout  0.7  gm.  |>er  10(1  ■•<■." 

If  the  zinc  salt  has  a  greater  concent  rut  ion  than  this,  some  sine  sulfide  may  be 
precipitated  b\  hydrogen  sulfide  in  0.3-nomiul  ami  solution,  The  precipitation 
would  evidently  be  incomplete,  for,  as  more  hydrogen  ions  are  formed  in  solution 
from  the  hydrogen  sulfide  as  a  result  of  the  sulfide  precipitation,  the  ionization  of 
the  hydrogen  iiilridc  continually  t< -n«l-«  to   In me  less. 

If,  however,  considerable  ndfalBl  or  ammonium  acetate  w  added  to  I  lie  ■  ,. i 
solution,  the  concentration  of  the  BjlllUfMJ  ion  becomes  much  smaller  and  the 
ionization  of  the  hydrogen  sulfide  takes  place  to  a  greater  extent.  It  is  then  possible. 
toprc<ipitaie  thfl  .-me  iissullide  so  completely  that  less  than  I  tug.  of  zinc  will  remain 
in  Solution 

Zinc  sulfide  dissolves  readily  in  normal  hydrochloric  acid.  The  sulfur  ions  from 
the  zinc  sulfide  enter  into  equilibrium  with  the  hydrogen  ions  of  the  acid  to  form 
hvdrop-n  -i ill ••  I •-  In  le o  i ■  ,|  n.-ni  solution,  the  concentration  of  sulfur  ion-  DTOn 
saturated  hydrogen  sullide  is  al mitt  1.2  X  10-uandof  sulfur  ions  from  a  saturated 
solution  of  ZnS  in  water  about  3.6  X  10~M. 

8.  Ammonium  Sulfide  precipitates  from  neutral  or  alkaline  solutions 
all  the  zinc  as  amorphous  sulfide: 


•  This  value  is  merely  an  approximation,  being  derived  by  a  rough  calculation 
from  values  which  are  not  very  reliable. 
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Zinc  sulfide  is  a  precipitate  difficult  to  filter;  it  runs  through  the 
filter-paper,  particularly  on  washing.  This  is  a  peculiarity  of  most 
all  metallic  sulfides  and  of  many  other  amorphous  bodies,  such  as 
aluminium  hydroxide,  titanic  acid,  tungstic  acid,  and  many  others. 
This  is  due  to  its  tendency  to  form  colloidal  solutions  (p.  57).  The 
colloid  can  be  precipitated  by  adding  a  concentrated  salt  solution  or 
by  boiling. 

In  order,  then,  to  obtain  zinc  snli'nle  in  a  form  which  can  be  filtered, 
it  is  best  precipitated  from  a  boiling  solution  containing  acetic  acid 
and  a  considerable  quantity  of  ammonium  salts.  The  precipitate 
may  If  washed  with  a  solul  ion  of  siininoniuiii  chloride  to  which  a  lii  tie 
ammonium  sulfide  has  been  added. 

9.  Potassium  Cyanide  produces  a  white  precipitate  of  zinc  cyanide. 
soluble  in  an  excess  of  the  precipitant. 

Zn++  +  2  CN"  +±  Zn(CN)a;  Zn(CN)2  -f  2  CN~  —  (Zn(CN)4]~. 
The  zinc-cyanide  anion  is  decomposed  by  acids  and  by  alkali  sulfide: 
lZa(CN)«]"  +  2  H+  -»Zn(CN),  +  2  HCN; 
-    [Zn(CN),)—  +  S"  —  ZnS-MCN". 

10.  Potassium  Ferrocyanide  precipitates  white  zinc  ferrocyanide, 
which  is  changed  by  an  excess  of  the  potassium  ferrocyanide  into  less 
soluble  zinc-potassium  ferrocyanide: 

(Fe(CN).l~  +  2  Za++-»Zni[Fe(CN)i) 
3  Zn,IFe(CN)6]  +  I^[Fe(CN),]—  2K»Zn»[Fe(CN),l,. 
By  treatment  with  bronune,   the  precipitate  is  changed  into  a 
yellow  oxidation  product. 

11.  Ammonium  Thioacetate  precipitates  ZnS  from  nmmoniacal  so- 
lutions  hut  nut  from  acid  solutions.     Sodium  thiosulfate  has  no  effect. 

12.  Potassium  Ferricyanide  precipitates  brownish-yellow  zinc  ferri- 
cyanide,  Ziij[Fe(CN)»]j,  soluble  in  hydrochloric  acid  and  in  ammonia. 

13.  Potassium  Periodate  gives  a  white  precipitate  in  aqueous  solu- 
tions. The  presence  of  ammonium  chloride  tends  fcC  prevcni,  the  pre- 
c-ipit  iititin  in  the  cold  but  on  boiling  all  the  zinc  is  thrown  down. 

14.  Electrolysis  of  an  alkaline  zincate  solution  with  a  copper  wire 
(0.5  mm.  thick)  as  cathode  in  B  small  cell,  enables  one  to  detect  an 
extremely  small  quantity  of  zinc  by  the  appearance  of  the  wire. 

Reactions  in   the  Dry  Way 

Heated  with  sodium  carbonate  on  charcoal  before  the  blowpipe, 
it  is  not  possible  to  obtain  metallic  zinc  on  account  of  its  volatility; 
but  an  incrustation  of  oxide  is  obtained  which  is  yellow  while  hot 
and  white  when  cold. 
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Zinc  oxide  (or  such  compounds  of  zinc  as  are  changed  over  to  oxide 
on  ignition)  when  moistened  with  cobalt  nitrate  and  ignited,  yi.-lda  a 
green  infusible  mass  —  liinnmiinn's  green.  This  reaction  is  performed 
exactly  as  with  aluminium  (p.  139). 

Separator*  of  the  Metal*  of  Croup  III  Jrom  the  Alkalies  and 
Alkaline   Earths 

The  separation  of  the  members  of  the  iimmonium-sulfule  group 
from  tho  alkalies  and  alkaline  earths  is  effected  by  means  of  ammo- 
nium Hulfide  and  ammonium  chloride.  If,  however,  the  solution 
contains  phosphoric  acid,  oxalic  acid,  or  considerable  boric  acid,  the 
neutralization  of  the  solution  will  cause  the  precipitation  of  calcium, 
strontium,  barium,  and  magnesium  as  phosphate,  oxalate,  or  borate. 
Hydrofluoric  acid  causes  precipitation  of  calcium  fluoride  in  this  group. 
The  procedure  to  be  followed  when  Buch  acids  are  present  will  be  given 
in  Pint  IV  of  this  book  after  the  characteristic  properties  of  the  acids 
have  been  described  in  Part  III.  Method  B  will  also  show  a  simple 
modification  which  can  be  followed  when  phosphate  is  present. 

A  number  of  excellent  schemes  have  been  devised  for  the  analysis  of  this  group 
and  cadi  has  something  in  its  favor.     In  this  book  it  has  seemed  brat  not  to  attempt 
to  decide  upon  a  siiikL'  mi  h  in.',  In'.  i.uIkt  to  treat  the  subject  in  a  brooder  manner, 
partly  because  of  the  instructive  value  of  studying  several  sehornea  and  partly 
because  one  scheme,  is  best  under  certain  conditions  and  another  scheme  under 
different  conditions.     Thus  it  is  a  quite  common  practice  to  divide  the  whole  group 
into  two  minor  groups,  one  containing  ferric  iron,  aluminium,  chromium,  and  ura- 
nium and  the  other  containing  mangamw,  nickel,  cobalt  and  zinc.    Such  a  scheme 
often  works  very  nicely  and  enables  one  to  arrive  at  proper  conclusions  quickly 
but,  unfortunately,  chromium  « hen  pn^'ipitated  in  this  way  has  a  marked  tendency 
to  carry  down  zinc  and  magnesium  with  it,  and  this  nmy  result  in  the  failure  to 
detect  tine  or  magnesium  during  tho  subsequent  examination.     Chromium,  however, 
on  account  of  the  color  of  its  compounds,  invariably  Ixttruyn  ito  presence  before 
the  nrtiial  test  for  chromium  ia  mode,  and  it  is  a  vnry  cosy  matter  to  modify  tho 
method  somowhat  when  chromium  iti  present  in  order  that  zinc  md  moKncsiuin  will 
not  be  mined.     It  is  unnecessary  to  use  such  a  modified  method  when  chromium 
is  known  to  be  aim-lit,     In  rn«»t  schemes  ••(  nnalym*  the  deteriion  of  uranium  and 
titanium  is  not.  provided  for  in   the  analysis  of  tin*  gnnip.     Titanium,  although 
present   in   most   rocks,   is   usually   found    in    very'   small   quantities.     Whin    much 
titanium  is  present,  this  fact  is  known  by  the  difficulty  involved  in  getting  the 
Bulwtance  in  solution  and  the  tendency  of  the  dilute  acid  solutions  to  hydroiyse 
and  form  precipitates  of  metatitanic  acid,  which  are  difficult  to  filter.    When  much 
titanium  is  present  it  is  precipitated  according  to  p.  167,  |  4.     To  detect  small 
quantities  of  titanium,  the  hydrogen  peroxide  test  (p.  Ift8)  is  most  suitable.     Ura- 
nium b  of  relatively  rare  occurrence,  but  it*  ores  have  become  important  since  the 
diucie.  itv   of  t  ulion   In   'iirni      '1*1  ■ . -   .let.i-otion  o(   uranium   will  I"-    h>olHrl<rl   in   '.he 
first  of  the  schemes  of  analysis  that  follow. 
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TABLE  VII.  —  ANALYSIS  OF  GROUP  III  IN  ABSENCE  OF 
PHOSPHATE 

METHOD   A 


Solution  may  contain:  Fc+++  Fe++,  UO,++,  A1+++,  Cr+++,  Mn++,  Zn++, 
Co++,  Ni++,  also  Groups  IV  and  V.  Add  NHtOH  and  (NHt)£.  Filter  and 
examine  filtrate  for  Groups  IV  and  V.     Treat  ppt.  with  2-normal  HCl.     (2) 


Residue:  CoS, 
NiS.  Test/or 
Ni  and  Co  by 
bead  teat.  Test 
for  Ni  with 
dimethyl- 
glyoxime 
and  for  cobalt 
with  ammo- 
nium thiocy- 
anate.     (3) 


Solution:  Fe++,  TJO»++,  A1+++,  Cr+++,  Mn++,  Zn++  [and  some 
NiJ.     Add  NaOH  in  excess.     (4) 


Precipitate:  Fe(OH)«,  Cr(OH),, 
Na,UiO,,  Mn(OH),  [and  some 
Ni(OH),].  Dissolve  in  HCl, 
add  NH,Cl  and  NHtOH.     (5) 


Precipitate: 
Fe(OH),,  Cr(OH)„ 
(NH4)iU,07.  Dis- 
solve in  HCl  and 
add  excess  {NHt)r 
CO,.     (6) 


Precipitate: 
Fe(OH),, 
Cr(OH),. 
Test  for 
Fe  with 
K,Fe{CN)t. 
Test  for  Cr 
by  fusion 
with  Na,CO, 
and  KNO,, 
etc.     (7) 


Filtrate: 

(NH4)«UO,(CO,); 

Acidify  with 
HCl  and  test 
with 

KSeiCN),. 
(8) 


Filtrate: 
Mn++ 
(and 
Ni++). 
Test  for 
tin     by 
(.NHt)£ 

NaiiOt 
or  by  fu- 
sion with 
NatCOt 

and 
KNOm. 
(9) 


Filtrate:  AlO,",  HZnO,~.  Add 
HCl  and  then  NH,OH.     (10) 


Precipitate: 
Al(OH),. 

Confirm    by 
Thinard's 
blue  test. 
(10) 


Filtrate:  Zn++. 
Acidify  with 
HC,H0i  add 
HtS  and  con- 
firm Zn  by 
Rinnmann's 
green  test. 
(11) 


PROCEDURE   METHOD   A 

1.  Heat  the  neutral  solution  to  boiling,  add  5  cc.  of  normal  ammonium  chloride 
solution,  if  this  salt  is  not  already  present,  and  ammonium  sulfide  solution  drop  by 
drop  until  no  further  precipitation  takes  place.  Avoid  adding  an  excess  of  ammo- 
nium sulfide  on  account  of  the  danger  of  getting  a  turbid  filtrate  when  nickel  is 
present.  (To  avoid  this  danger  it  is  well  to  pass  hydrogen  sulfide  into  the  slightly 
ammoniacal  solution  instead  of  adding  ammonium  sulfide.  The  re««nn  why  nickel 
sulfide  runs  through  the  filter  is  partly  because  ammonium  polysulfide  is  present  to 
some  extent  in  the  ammonium  sulfide  reagent  that  is  not  freshly  prepared.)  Filter 
off  the  precipitated  sulfides  and  wash  promptly  with  hot  water.  If  the  moist  sul- 
fides are  allowed  to  stand  exposed  to  the  air,  some  sulfate  is  formed  by  oxidation 
and  this  will  dissolve  in  the  wash  water.  Reject  all  but  the  first  washings  and  use 
the  filtrate  for  the  analysis  of  the  alkaline  earth  and  alkali  groups  (p.  118  el  seq.). 

2.  Digest  the  precipitated  sulfides  in  a  porcelain  dish  with  cold,  2-normal  hydro- 
chloric acid,  stirring  until  no  more  hydrogen  sulfide  is  evolved.     Filter  off  the  resi- 
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liir.  which  BOMirti  chiefly  of  cobnlt  and  nickel  sulfide*  and  wash  with  a  little  hydro- 
rhloric  acid.  1'iually  |  partial  "solution  Of  Iha  nlSda  take*  place  during  iIiim 
En  -it  rm-iit  with  dilute  nciil  and  sulfur  iu  formed  which  in  likely  to  enclose  a  little 
sulfide  that,  should  dissolve  in  the  nnid.  The  fast  that  a  residue  remains  is  not, 
therefore,  positive  proof  of  the  presence  of  nickel  or  cobalt.     Examine  I  In-  solui  um 

by  i  4. 

3.  Test  the  residue  for  cobalt  by  heating  a  little  of  it  in  a  borax  bend;  a  blue 
bead  Knows  cobalt.  If  the  borax  bead  is  brown,  further  test  for  nickel  is  un- 
necessary. If  a  blue  bend  I-  obtained.  tc-(  fur  rtickrl  by  dissolving  the  |>r'vi|u- 
tate  in  aqua  regm.  evai»orating  just  to  dryness,  adding  a  little  water  and  tenting 
with  diinethylglyoxime  nnd  ammonin  (p.  IMS).  If  a  brown  bead  is  obtained, 
dissolve  the  piccipitale  on  just  described  nnd,  to  the  solution  freed  from  minrnil 
acid,  add  a  concentrated  solution  of  potassium  nitrite,  acidify  with  acetic  arid  nnd 

hIIow  the  solution  to  stand  at  least  ten  minute*.     A  fine  yellow   previ] i 

K,[CotNO,)«|  shows  that  cobalt  in  present 

4.  Evaporate  the  solution  obtained  in  (2)  lo  a  small  volume,  oxidise  any  iron 
present  to  the  ferric  condition  by  heating  with  a  little  strong  nitric  acid,  then  mid 
sodium  hydroxide  solution  until  a  strongly  aJknline  solution  is  obtained,  boil  and 
til'  ■  r      Examine  the  filtrate  by  }  10, 

The  precipltiite  may  contain  iron,  chromium,  uranium  and  manganese  (with  a 
tittle  mc-kcl)  and  the  tilt rntc  may  contain  nluminium  and  nine 

5.  Diswilve  the  precipitate  in  as  little  hydrochloric  acid  as  possible,  dilute  the 
solution  with  hot  water  und  boil  neveraJ  iniuuto.  Add  &  re.  of  ammonium  chlo- 
ridi    totatlOfl)  BUlce  larch   iJkallrn  with  aiiimonia  and  filler  promptly,      The  pre- 

i -i I .: •  m 1 1-  ci.nt;iins  nit  the  iron,  chromium  and  uranium;  the  filtrate,  which  may  eon- 
manganese,  and  traces  of  nickel,  is  nnalyted  by  ^  9, 

8.  Dissolve  the  precipitate  in  an  little  hydrochloric  acid  as  possible,  add  a  large 
excess  of  ammonium  carbonate  solution  In -it  Kcntlv  hut  do  not  boil  lone  and  filter. 
The  precipitate  coiit.iins  the  iron  anil  chromium;  the  filtrate  contains  uranium  in 
solution  as  ammonium  uranyl  earbonate.     Tc*t  the  latter  by  J  S. 

7.  Test  the  precipitate  obtained  in  (6)  for  iron  by  dissolving  n  part  of  it  in  a 
few  drops  of  hydrochloric  acid,  diluting  with  a  little  water  and  adding  potassium 
ferrocyanide  solution.  The  formation  of  Prussian  blue  shows  the  presence  of  iron. 
an. iIhi  imrtion  of  the  precipitate  for  chromium  by  mixing  it  with  sodium 
carbonate  and  potassium  nitrate  and  fusing  to  form  sodium  eliminate.  Dissolve 
the  melt,  winch  is  •,  elluw  if  chromium  to  present,  in  water,  acidify  the  aqueous 
with  Matte  acid  and  add  ■  drop  of  silver  nitrate  solution;  a  red  precipitate 
i  if  -ilvi-r  eliminate  is  formed  if  chromium  is  present. 

i  To  test  for  uranium,  add  hydrochloric  acid  lo  the  solution  obtained  in  (fii 
mid  treat  the  "lightly  acid  solution  with  potassium  ferrocyanide;  a  brown  precipi- 
tate shows  the  presence  of  uranium. 

Q  Pest  the  filtrate  from  (5)  for  mangaturne.  Evaporate  the  solution  to  dryness, 
dissolve  Uic  residue  m  I  little  iratjfli  and  add  a  f«W  drops  of  potassium  cyanide  solu- 
1  Dilute  witli  water,  add  ammonium  sulfide  and  boil.  A  flesh-colored  precipi- 
vii.  ;.  MriS  To  confirm  the  test,  dimolve  n  [xirtion  of  the  precipitate  in  concen- 
trated nitric  acid,  add  a  little  lead  peroxide  and  boB.  Dilute  with  water  and  allow 
■  In  pnoipitata  to  settle;  m««i  diown  bj  thaoharactcristto  color  of  tba  pat 

mtuigutintc  mil.  Or,  a  small  portion  of  the  manganous  sulfide  can  be  fused  with 
■odium  carbonate  and  potassium  nitrate.  A  green  melt  shows  the  presence  of 
HQHfMOM 
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10.  Test  the  filtrate  obtained  from  (4)  for  aluminium  and  tine.  Make  it  acid 
with  hydrochloric  acid  and  then  add  a  alight  excess  of  ammonia.  A  white  precipi- 
tate is  Al(OH)i;  often  silicic  acid  (from  the  action  of  reagents  on  glass)  is  precipi- 
tated here.  Filter  and  test  the  filtrate  for  sine  (11).  To  confirm  the  aluminium 
test,  dissolve  the  precipitate  or  a  small  portion  of  it  in  nitric  acid  and  add  half 
as  many  drops  of  1  per  cent  cobaltous  nitrate  solution  as  there  are  presumable 
milligrams  of  aluminium  in  the  precipitate  and  evaporate  the  solution  nearly  to 
dryness  in  a  casserole.  Soak  up  the  solution  in  a  small  piece  of  filter  paper,  roll  up 
the  paper  and  wind  a  platinum  wire  around  it.  Heat  in  the  flame  till  all  the  paper 
is  consumed  and  then  ignite  strongly.  Thenard's  blue  shows  the  presence  of 
aluminium  (p.  131). 

11.  To  test  for  tine,  acidify  the  solution  obtained  in  (10)  with  acetic  acid  and 
saturate  it  with  hydrogen  sulfide.  Filter  and  dissolve  the  precipitate  in  a  little 
nitric  acid.  Add  1  to  3  drops  of  0.3-normal  cobalt  nitrate  solution,  evaporate  to 
dryness  and  ignite  the  contents  of  the  dish  until  the  purple  color  of  the  cobalt  salt 
disappears.    Rinnmann'a  green  (p.  199)  shows  the  presence  of  tine. 
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TABLE  VIII. —ANALYSIS  OF  CROUP  III    IN  ABSENCE  OF 
PHOSPHATE 

METHOD  n  * 


Solution  may  contain  !•>++,  Fo-H-+,  A1+++,  Cr+++,  Mn++,  Zn+-+.  Co++,  Ni++,  and 
Ground  IV  and  V. 

Add  Nil, Oil  and  (JV//,),.1?.      Filter  and  eiamine  filtrate  for  Group*  IV  and  V  (p.  118  or  p.  120). 
Dissolve  ppl.  in  HCl  and  KC'lO,.     Evaporate,  treat  with  NaOH  and  Na,0,  and  fitter.     (2) 


Precipitate:  Fe(OH),,  H*MnO.,  Co(OH),, 
Ni(OH),[Zn(OII),].  b,M.,lv,:  m  HMO,  and  1IJ),. 
Evaporate  and  boil  with  cone.  HNO,+KClOt.     <3j 


Precipi- 
t  a  to  : 
MnO,. 

Dissolve 
in  USD, 

+    IWt 
ami   text 

for  M  I 
with 
NaBiO,. 
(4) 


Filtrate:  Fe+++,  Co++.  Ni++,  JZn++J. 
AddMHtOH.    (5)    //  phosphate  u  present, 
proceed  at  outlined  in  (6). 


Precipi- 
t  a  t  c 
IniiH),. 
Fad     for 
Fe       with 
KtFe- 
(CNh. 
(5  or  6) 


Filtrate:        Co(NII,),++. 
Ni(NH,).  ♦£  [Zn(NH,),++j. 

Saturate   with   ll,S    and  treat    ppl. 
with  cold,  normal  HCl.     (7) 


Residue: 
CoS.NiS. 

Dissolve 
b,  I/CI 

andKCIO, 
and  evapo- 
ratt.  just 
lodrunest. 
Add 
HC,H,0, 

to  precipi- 
tate co- 
balt as 
yellow  K] 

if'.-i.voo.; 

Filter  and 
test  the  fil- 
trate wuA 

tlimi  thyl- 

aluoxime. 
Red  pre- 
cipitate of 
\i(  ( ■!!('- 
NO),H), 
shows  tho 
presence 
of  nkkM. 

9) 


Solution:     Z  n  +  +  , 
ir™cj    of    Co-»-+    and 
Ni++.        Add     NaOH 
and  No/),.     (0) 


Precipi- 
tate 
CV(OH), 
Ni(Oll).. 
Add  to  res- 
idue of] 
CoS,    Nili. 
(10) 


Filtrate: 
NotZnOa. 

A  cidifu 

with 

HCJtfii 

and  satu- 
rate with 
U.S.  Con- 
firm. Zn  at 
m  Method 
A.     (11) 


Filtrate:  AlO,-,  CrO. — , 
HZnOT.  Acidify  with  HCl  and 
aid  Nil 0IL    (12) 


Precipi- 
t  a  t  e 
A I  (OH), 
Dissolve 
in.  HNO„ 
add 

Co(NOi)i 
solution 
and 

Nll.OII. 
Filter  and 
ignite  the 
residue. 
The  nan  I'm 
blueshowx 
the  pres- 
i'iii  e  Of 
Al.     (13). 


Filtrate:  Zn(NH,),++, 
CrO,".  Boil  with 
NatCO,.  till  all  NH,  U 
expelled.     (14) 


Prec  i  pi- 
tatc:  Znr 
(OID.CO.. 

involve  in 
a  little  ltd, 

§u 

NH,0H 
and 

HC,H0t 
and        test 

w.lh       Bfi 

While    | M I 

cipitate: 
ZnS.    (16) 


Filtrate: 
CrO,—. 
Add 

///,///), 
and       Pb- 
(C'iffiOi). 
V  e  I  l.o  ir 
p  r  e  c  i  p  i- 
tate: 
PbCrO*. 
(16) 


•  Thii  prcmiure  it  thai  giv»n  by  A.  A.  Nigra*  In  hu  QtwliUtiia  Chomiml  Analyiu,  Sih  edition,  1930. 
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PROCEDURE 
MiniOD  I j* 

1,  Boil  a  little  of  the  filtrate  from  Group  1 1  until  the  hydrogen  sulfide  is  expelled, 
pour  into  a  mixture  of  5  cc.  0-normal  nitric  acid  and  5  ce.  of  Ammonium  molyhdate 
rcngent,  heat  to  00°  and  allow  to  stand  for  10  minutes.  If  a  yellow  precipitate  of 
ammonium  phoaphomolybdate  is  obtained,  members  of  Group  IV  ore  likely  to 
precipitate  aj  phoaph*l<fl  upon  Lho  neutralisation  of  the  solution  by  ninmonia  and 
aniiiiMiiiui!.    nlliilc.     Tin-  procedure  h)  Out  case  is  modified  ok  outlined  in  §6. 

Boil  i In-  remainder  of  the  filtrate  from  Group  II  until  hydrogen  sulfide  is  expelled 
and  make  alkaline  with  ammonium  hydroxide.  t\n  precipitate  shows  absence 
of  A  I,  Cr,  IV  and  iilkulmc-enrth  phosphate. J  Add  ammonium  sulfide  reaieenl  in 
small  portions  until,  after  shaking  the  flask  and  blowing  oway  the  vajKim,  a  bluek 
tc-t  i-  obtained  with  BMMBl  IbwS  MBtatc  paper  held  near  the  mouth  "I  the  tin  L 
Heat  nearly  to  boding,  shake  and  let  stand  about  3  minute*..  Filter,  wanh  the 
precipitate  with  water  containing  1  per  cent  ammonium  sulfide,  und  finally  with 
pun:  water.  If  the  filtration  in  slow,  keep  the  funnel  covered  with  a  wntch  glass  to 
avoid  nddntiim  of  the  precipitate.  Tent  the  filtrate  with  a  few  drops  of  ammonium 
sulfide  reagent  and  heat,  to  :-ee  it  any  dark  precipitate  form*  which  should  be  filtered 
oft*  through  a  fresh  filter.     Vm-  the  liltmte  for  the  Croup  IV  test*  (p.  118  or  120). 

2,  Digest  the  precipitate  with  5-15  ce.  of  cold,  6-normal  hydrochloric  acid  for  n 
few  minutes  and  afterwards  boil  for  a  short  time.  If  there  is  a  black  residue,  sprinkle 
a  little  ]>owdercd  potassium  chlorate  into  the  hot,  but  not  boiling,  solution.  Then 
boil  for  a  minute  and  filter  Reject  the  residue,  which  should  lie  sulfur  possibly 
MiwVcocd  ''v  '  ''tile  enoloted  sulfide.  Bvaponte  the  solution  nearly  to  dryness  to  re- 
move the  excess  of  acid,  dilute  to  aImiiiI  :'.",  <■,-.  and  carefully  neutralise  with  pure 
sodium  hydroxide.  If  a  wn  in  >■.  \  precipitate  il  produced,  it  is  beat  to  dilute  with  » 
little  more  water.  To  the  cold  solution  carefully  add  u  little  sodium  peroxide  powiler. 
(On  account  of  the  violent  reaction  with  water,  and  the  fact  that  the  powder  oft  en 
contain-,  a  ht.lle  lice  sodium,  rare  diould  be  taken  not  I"  add  l lie  peroxirii  loo  fa.-t 
or  to  a  hot  *olution.  Only  a  little  ptraddf  should  be  taken  from  the  contain B  aj 
QUI  time  and  ''  ihould  be  transferred  directly  to  gl:u«  und  never  to  paper.)  Finally 
boil  the  solution  to  decompose  the  excess  of  peroxide,  dilute  with  an  eriusl  volume 

•  il*  and  filter.  77ie  irrrripitnlr  contain*  Jrrric  hgdrorule.  hydrated  manqanae 
itmxuli .  mhiillif  huittiiti<W  ami  uichrlout  fiiiilrmn/'  The  hit  rule  COMfOfal  feMsftM 
(ilumtnaie.  chromal*  ami  imcalc.     Tlie  separation  in  faulty  in  e  of  zinc  which 

normally  stay?  in  solution.  As  much  as  ,i  tnga  of  ime  may  be  carried  down  with  the 
precipitate  iv  ln-n  miieh  iron,  nickel  or  [•iibalt  is  present,  and  a*  much  as  20  uigx.  by 
considerable  manganese.  This  in  probably  due  to  the  amphoteric  nature  of  the 
precipitated  hydroxides  and  the  insolubility  of  the  line  salts  of  the  corresponding 
acids.     Examine  the  filtrate  for  chromium,  aluminium  uml  tuw  by  5  12. 

3,  Dissolve  the  precipitate  in  hot,  o-normal  nitric  acid,  adding  as  much  hydro- 
gen peroxide  aa  is  ncceaaary  to  reduce  the  manganese  and  cobalt  to  the  bivalent 
condition  (cf.  p  33).  Evaporate  the  solution  nearly  i"  ilryncf  i«d«l  l.ri  ce.  of 
lH-nortiml  nitric  acid,  als.ul  1  Km  pOWdlMd  [HlflMllllll  chlorate  aiid  heat  to  hill- 
ing. Add  10  ce.  more  of  concentrated  nitric  acid,  hrat  to  boiling,  remove  the 
flame  and  add  0.5  gin  DIOR  of  potassium  chlorate.  Repeat  the  treatment  with 
fresh  "portions  of  chlorate  until  about  3  gms.  of  chlorate  have  lieon  used.  Do  not 
add  the  chlorate  to  the  nitric  acid  solution  while  it  i-  boiling,  as  an  explosion  is 
likely  to  reault,  but  boil  after  the  addition  of  eaeh  portion  of  chlorate.    The  treat- 


zinc  205 

with  chloratr  is  lieat.  n«-<-. ,n ,p!i;-l,.-,l  in  a  250-cc.  Erlenmeyer  flank.     If  u  prc- 
tcol  MnOiis  formed,  lilt  it  through  a  (Inn  luyoTOl  ie>od-<|uahiy ,  washed  asbestos 
vhich  i>  supported  by  n  little  glass  wool  in  an  ordin  I      Test  the  filtrate 

manganese  l>y  adding  1  gin.  of  potassium  chlorate?  and  lioiling  again.  Wash  the 
precipitate  with  a  little  concentrated  iiitii.  acm,  winch  has  lieen  freed  from  nitrous 
Mid  i'v  boiling  with  a  little*  potuasiutn  chlorate  just  previous  to  use.  Examine  the 
filtrate  for  iron,  cobalt,  nickel  ami  sine  hy  §  5. 

4.  Dissolve  the  precipitated  manganese  dioxide  with  a  little  hot  B-normal  nitric 
:n nl  lad  a  few  drops  of  hydrogen  peroxide.  Boil  to  decompose  any  excew  of  the 
hitter  mid  cool  to  room  temperature.  Add  a  little  solid  sodium  hixinuthut.  ,  rildH 
and  let  the  solid  settle.  A  purple  solution  shows  the  presence  <if  manganese  (ri.  p. 
1715). 

5.  In  rase  phosphate  is  ulwcnt,  [K.ur  tlio  cold  filtrate  from  (3)  into  a  volume  of 
tVnoniiid  ammonium  hydroxide  which  is  four  times  as  large  as  the  volume  of  coa- 
rr.nt rated  mine  add  used  in  (3).  A  dark  red  precipitate  indicates  the  presence  of 
iron.  Filter  and  examine  the  filtrate  fur  nickel,  cobalt  and  zinfl  by  j  7.  Pour  a 
mixture  of  2  cc.  potassium  ferrocyanide  reagent  and  10  dro|»  of  o-nuruial  acetic 
acid  over  the  precipitate  of  ferric  hydroxide  on  the  filter.  A  dark  blue  or  green 
(■id .lie  mi  da   filler  prove.-  ilia!  irun  in  present, 

6.  In  case  a  test  for  phosphoric  acid  was  obtained  in  ( 1 )  first,  bwt  for  iron  an 
fallows:  Evaporate  one-tenth  of  the  solution  from  (3)  almost  to  dryness,  hent  with 
3  cc.  of  6-normal  bydm ■lilnric  acid  till  no  more  chlorine  is  evolved,  and  add  20  cc. 
of  water  with  a  little  potiowiinn  ferrocyanide  solution.  II  iron  is  present  a  dark 
blue  color  is  obtained. 

Neutralise  the  remainder  of  the-  nitric  acid  solution  from  (3)  with  ammonium 
hydroxide,  adding  the  reagent  until  u  .-.fight  precipitate  is  formed  which  does  not 
Itdissolvc  by  Mhiiknig  fur  IS  seconds.  In  caw  no  precipitate  forms,  add  iiiniiioiiiiiin 
hydroxide  until  alkaline  nod  pass  on  to  J  7.  If  a  precipitate  forms,  add  50  ce.  of 
water  and  15  cc.  of  3-nonnal  ammonium  acetate  solution.  Unless  the  solution  il 
already  reddi-h  in  color,  add  ferric  nitrate  solution,  in  portions  of  1  cc  ,  until  u  deep 
red  color  is  obtained.  Boil  the  mixture  gently  for  3  minutes,  adding  50  cc.  more  of 
water  if  a  large  precipitate  form.  (If  the  iron  does  not  precipitate  but  remains  in 
colloidal  Solution,  add  30  drops  more  of  ammonium  hydroxide  and  lx>il  again.) 
Filter  while  utitl  hot  and  rejecl  the  precipitate.  Make  the  lilt  rale  alkaline  with 
amnioniiiui  hydroxide,  filter  if  necessary  and  treat  the  filtrate  by  §  7. 

7.  .Saturate  the  nitrate  from  (5)  with  hydrogen  sulfide,  filter  off  the  precipitated 
cobalt,  nickel  and  sine  sulfides  and  reject  the  filtrate  unless  phosphate  was  found 
present  and  the  procedure  described  in  (6)  was  followed.  In  that  case  examine  the 
filtrate  for  barium,  calcium,  strontium  mid  magnesium  but  not  for  the  alkalies,  as 
these  liave  been  added.  Digest  the  precipitated  sulfides  with  10-30  oc.  of  cold, 
normal  hydrochloric  acid  to  dissolve  any  sine  sulfide  that  may  lie  present;  a  Lille 
nickel  and  a  trace  of  cobalt  may  l>e  dissolved  by  this  treatment.  Examine  the 
solution  for  xinc  by  j  9  and  §  11. 

o.  Test  the  sulfide  residue  obtained  in  (7)  together  with  the  sodium  iH-roxidc 
preiipiiai.  obtained  m  ('.>)  for  nickel  and  cobalt  as  follows:  Dissolve  the  precipitate 
in  a  eiuweroh-  by  adding  5-18  cc.  of  6-norinal  hydrochloric  acid,  heating  to  Iwiling 
:md  sprinkling  i>  little  potassium  chlorate  powder  into  the  hot  solution.  Filter  off 
:my  sulfur  residue  and  evaporate  the  nhri  nm  t.t  drynees,  but  avoid  overheating  the 
residue  Dissolve  in  ".  ee.  of  tV-normal  acetic  acid,  add  3  cc.  of  ti-nonnal  potassium 
nitrite  reagent,  and  allow  Ui  stand  with  POuMJonsI  shaking  for  at  IbbbI  ' 
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A  yellow  precipitate  of  potassium  ooMtblitritO  proves  cobalt  to  be  present.  If 
much  precipitate  forms,  odd  to  the  mixture  10  cv.  more  of  0-normal  potassium 
nitrite  solution  and  about  3  grams  of  powdered  potassium  chloride.  After  standing 
with  frequent  shaking  for  another  fifteen  minute*,  filler  unci  reject  the  precipitate. 

I  purl  of  the  filtrate,  add  10  cc.  of  water  and  4  cc,  of  diiuethylglyoximc  reagent. 
Heat  to  Imiling  iiml  allow  to  stand  for  n  few  minute*.  A  red  precipitate  shown  Unit 
nuktl  is  present. 

9.  Neutralize  the  solution  obtained  in  (7)  with  sodium  hydroxide  and  add  sodium 
peroxide  an  in  (2).     Examine  the  filtrate  by  {  11. 

10.  II  defined  advisable,  any  precipitated  Ni(OH)i  and  Co(OH)j  from  (9)  may 
Im-. -uliled  1 1.  the  sulfide  residue  obtained  in  (7)  and  tested  for  nickel  and  cobalt  as  in  (H). 

11.  Acidify  the  filtrate  from  (9)  with  acetic  acid  and  saturate  the  solution  with 
hydrogen  sulfide.  Any  precipitate  that  forma  is  probably  zinc  sulfide.  Confirm 
the  zinc  test  as  in  Method  A. 

12.  Acidify  the  filtrate  from  (3)  with  hydrochloric  acid  added  in  2  cc.  portions, 
cooling  after  each  addition,  and  add  ammonia  until  present  in  slight  excess.  Heat 
to  boiling  to  coagulate  any  precipitated  aluminium  hydroxide  und  filter.  Filter  and 
examine  the  filtrate  for  chromium  and  sine  by  i  14  and  teat  the  precipitate  for 
aluminium  by  g  13. 

13.  Dissolve  the  aluminium  hydroxide  precipitate,  or  a  part  of  it,  in  5  ce.  of 
2-nonnol  nitric  acid.  Add  5-10  cc.  of  water  2-15  cc.  of  0.3-iiormal  cobalt  nitrate 
solution  according  to  the  probable  aluminium  content  <cf.  Method  A,  §  10),  and 
3  cc.  of  fl-normal  ammonium  hydroxide.  Heat  to  boiling,  filter  and  examine  tin* 
filtrate  by  J  14.  With  the  aid  of  suction,  dry  the  precipitate  as  much  an  possible. 
Open  the  filter,  tear  off  the  paper  that  has  mi  pn-eipiia.tr  adliering  In  il  and  make  a 
small  roll  of  the  remainder.  Wind  a  platinum  wire  about  this  roll  of  paper  and 
precipitate  and  heat  in  a  flame  unt  il  the  rartion  of  the  paper  is  all  consumed.  Finally 
ignite  for  a  minute  or  two  at  a  bright  red  heat.  A  blue  residue  shown  that  aluminium 
is  present. 

14.  To  the  first  filtrate  obtained  in  (18)  ndd  15  cc.  of  3-normal  sodium  carbonate 
solution  hhI  evaporate  in  n  piirr-rlnin  casserole  until  no  more  vapors  of  ammonia 
are  evolved.  Then,  if  zinc  is  present,  a  white  precipitate  of  basic  zinc  carbonate 
will  appear.  Filter  and  wash  with  hot  water.  Examine  the  precipitate  by  §  15 
and  the  filtrate  by  §  16. 

15.  Dimolvc  the  precipitate  obtained  in  (14)  by  means  of  II)  cc.  of  hot  3-nnrmal 
hydrochloric  acid.  Mukc  the  solution  ammoniacal  and  add  3  "cc.  of  o-normal  am- 
monium hydroxide  in  excess.  If  much  sine  is  present  it  will  precipitate  at  the 
neutral  point  but  redissolve  in  the  excess  of  ammonia.  If  any  precipitate  remains 
of  Al(OH)i,  f'r(OHj,or  H*SiO,,  filter  it  off  and  discard  it.  Make  the  solution  slightly 
acid  with  acetic  neid  and  saturate  with  hydrogen  sulfide.  A  while  precipitate  of 
sine  sulfide  shows  the  pNMHoa  of  rind 

16.  To  the  filtrate  from  (14),  add  acetic  acid  to  acid  reaction  and  20  ec.  of  water, 
host  to  boiling  and  add  a  little  lead  acetate  solution.  A  yellow  precipitate  of  lead 
chromate  is  formed  if  chromium  is  present.  A  white  precipitate  of  lead  chloride  will 
usually  form  on  cooling  and  has  no  significance. 


METALS  OF  GROUP  n.    HYDROGEN  SULFIDE 
GROUP 

MERCURY,  LEAD,  COPPER,   BISMUTH,  CADMIUM,   ARSENIC, 
ANTIMONY,  TIN   (GOLD,  PLATINUM) 

Mercury,  Hg.    At.  Wt.  200.6 
Sp.  Or.  -  13.6.    M.  Pt.  -  -38.7°.    B.  Pt.  -  35r 

Occurrence.  —  Mercury  occurs  in  nature  chiefly  in  the  form  of 
rhotnbohedral  cinnabar,  HgS;  from  the  ore,  free  mercury  is  obtained 
by  sublimation.  According  to  G.  P.  Becker,*  cinnabar  is  deposited 
from  solutions  of  its  thio  salt.  The  richest  deposits  are  those  of  New 
Almadcu  in  California,  where  it  occurs  with  serpentine,  of  Almaden 
in  Spain,  Idria  in  Carniola,  and  Moschellandsberg  in  the  Palatinate  of 
the  Rhine.  With  cinnabar  small  quantities  of  native  mercury  are 
often  found.  Mercury  is  also  an  important  constituent  of  many  varie- 
ties of  tetrahodrito. 

Metallic  mercury  is  tho  only  one  of  the  metals  which  is  liquid  at 
ordinary  temperatures.  It  is  insoluble  in  hydrochloric  arid  dilute  sul- 
furic acids,  but  is  soluble  in  hot  concentrated  sulfuric  acid  with  evolu- 
tion of  sulfur  dioxide,  forming  mercurous  or  mercuric  sulfate  accord- 
ing to  whether  the  metal  or  the  acid  is  present  in  excess: 
Hg  +  2  HjSO,  =  HgSO«  +  2  HjO  +  SOj  T 
2Hg  +  2 HjSO,  =  H&S04  +  2H.O  +  SO,  *  . 

Hydrobromic  acid  hardly  attacks  the  metal  at  all,  but  hydriodic 
acid  dissolves  it  readily  with  evolution  of  hydrogen : 

Hg+4HI  =  H,lHgI4l  +  H,  T  • 
The  position  of  mercury  in  the  electromotive  series  (p.  41)  shows 
that  mercury  cannot  be  oxidized  by  H+  except  when  the  concentration 
of  Hg**  is  extremely  low.  This  explains  why  mercury  does  not  dissolve 
in  dilute  liydiM.ldoric  or  sulfuric  acid.  It  seems  remarkable,  therefore, 
that  mercury  should  be  oxidizi-d  by  hydriodic  acid.  The  reason  the 
hydrogen  of  hydriodic  acid  can  accomplish  the  oxidation  of  the  mercury 
is  because  the  compound  H:[Hgl4)  is  scarcely  dissociated  at  all  Eata 
Hg++  ions  (cf.  p.  10). 


•  GeolotO'  of  the  Quicksilver  Deposit*  of  tho  Pncif'n-  Slope.     Wiuhington,  1888. 
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REACTIONS  OF  THE   METALS 


The  proper  solvent  /<»"  mercury  is  nitric  acid. 

If  the  metal  is  treated  with  hot,  concentrated  nitric  acid,  mercuric 

nil  rule  is  formed: 

Hg  +  1  UNO,  =  Hgi  NO,),  +  2  H,0  +  2  NO,  |  . 

If,  however,  cold  nitric  acid  is  allowed  to  act  upon  an  excess  of  mer- 
cury in  the  cold,  iiierauiDUB  nitrate  is  obtained 

Mercury  is   attacked    by    chlorine,    forming   calomel    (mercurous 
chloride) : 

2Hg  +  Cl,  =Hg5CI1. 

Two  oxides  of  mercury  arc  known;    yellow  or  red  mercuric  oxide, 
HgO;   black  mercumus  oxide,  HgiO. 

|l  These  oxides  are  basic  anhydrides,  from  which  two  series  of  salts 
are  derived:  (a)  The  mercuric  salts,  which  contain  Hg++,  and  (b)  tho 
mercurous  salts,  which  contain  the  group  Hgi*"*".  We  will  consider- 
first  the  more  stable  mercuric  salts. 


Mercuric  .Sa/ta 

Mercuric  salts  are  mostly  colorless.  The  iodide  is  red  or  yellow. 
By  heating  the  red,  tetragonal  crystals  of  mercuric  iodide  a  yellow  sub- 
limate  of  orthorhombic  needles  is  obtained,  which  gradually  changes 
back  to  the  red  tetragonal  modification.  If  the  yellow  crystals  are 
rubbed  the  change  takes  place  almost  instantly.  It  is  a  general  prop- 
erty ol  dimorpboUl  bodies  that  the  more  symmetrical  form  is  almost 
always  the  more  stable. 

The  sulfide  is  black  or  red. 

Mercuric  chloride  is  soluble  in  water,  100  cc.  of  wuter  dissolving 
(I.:.:  c;m.  at  10°,  7.39  gm.  at  20°,  11.34  gm.  at  SO9,  24.3  gin.  at  80°  and 
53.96  gm.  at  100°. 

In  water  containing  hydrochloric  acid,  mercuric  chloride  is  much 
more  soluble  than  in  pure  water;  and  in  fact  the  solubility  incn 
with  the  concentration  of  the  hydrochloric  acid,  due  to  the  formation 
of  the  complex  acid  II-lMgCli].  Alkali  chloride:-  ajao  help  to  dissolve 
mercuric  chloride,  forming  salts  of  this  complex  acid.  Mercuric 
chloride  is  more  soluble  in  alcohol  and  in  ether  than  it  is  in  water. 

The  aqueous  solution  of  mercuric  chloride  is  a  |*»ur  conductor  of 
electricity;  it  is  dissociated  only  to  a  slight  extent  and  acts  quite 
differently  in  many  cases  from  a  solution  of  the  nitrate,  which  is  a  good 
conductor  of  rlcch  u-n y  .uul  cont.iins.  therefore,  many  mSTCUlic  ions. 
The  cyanide  differs  frmn  the  nitrate  eVM  more.  M  Wt  -ball  see. 


Mercuric  bromide  is  difficultly  soluble  in  water  (94  cc.  of  water  at 
9°  dissolve  only  1  gm.  of  the  bromide!.  !>nt  is  readily  soluble  in  alcohol, 
and  still  more  so  in  ether.     The  iodide  is  more  difficultly  soluble. 

The  halogen  compounds  of  mercury  readily  form  complex  oon 
pounds  with  the  halogen  compounds  of  the  alkalies,  which  are  very 
|  table. 

Mercuric  compounds  are  characterized  furthermore  by  the  readiness 
with   which   they  undergo  hydrolysis,  forming  insoluble  basic  salts. 
rhufl   the   sulfate   is  decomposed    when    diluted    largely   with    water 
i  particularly  on  wanning)  into  a  yellow  insoluble  basic  salt : 
8  1 1  R0Oi  4-  2  H,0  -»  2  HjSO«  +  HgjOjSO.. 

Hydrogen  ions  prevent  this  hydrolysis. 

The  nitrate  also  is  readily  hydro ly zed  into  more  or  less  insoluble 
basic  salts,  according  to  the  dilution 

Hg(NO,),  +  H,0  *=s  HNO,  4-  Hg(OH)NO„ 
or 

2  Hg(NOj)s  +  2  H,0  P»  Hg20(OH)N03  +  8  HXO,. 

The  Holuble  salts  of  mercury  are  all  poisonous*.  The  chloride  is 
easily  volatilized  and  on  evaporating  a  hydrochloric  acid  solution 
considerable  mercuric  chloride  escapes  with  the  water  vupor. 

Reactions  in   the  Wet   Way 

A  solution  of  mercuric  chloride  and  one  of  mercuric  nitrate  arc 
used  for  these  reactions. 

I.  Potassium  Hydroxide  or  Sodium  Hydroxide  precipitates  yellow 
mercuric  oxide: 

HgOl,  4-  2  OH"  -»  2  CI"  4-  HiO  4-  HgO. 

The  hydroxides  of  the  noble  metals  are  exceedingly  unstable,  th.-v 
lose  water,  as  a  rule,  even  in  aqueous  solution,  forming  the  anhydrous 
oxide. 

On  adding  a  lesser  amount  of  caustic  potash  to  a  solution  of  men-uric 
■■blonde,  a  reddish-hrown  pr«-«-ipiTat.-  of  basic  chloride  is  obtained: 

2  HgCI,  +  2  OH'  -  2  CI"  +  H,0  +  HgjOCl,, 


or 


8  HgCI,  4-  4  OH"  -.  4  CI"  4-  2  H,0  4-  H*,0,CI,. 


In  the  presence  of  ammonium  chloride,  the  precipitate  formed  by 
caustic- alkalies  is  neither  yellow  nor  red,  but  white  us  when  ammonium 
hydroxide  is  added. 

Mercuric  oxide  and  the  basic  salts  are  readily  soluble  in  acids. 
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2.  Ammonia  produces  in  a  solution  of  mercuric  chloride  a  white 
precipitate  of  mercuric  aminochloride: 

HgCb  +  2  NH,  —  NH«+  +  ClT  +  Hg(NH:)Cl. 

Thia  compound,  the  so-onllcd  "infusible  precipitate,"  volatilizes 
before  it  uu:\ls.  It  is  soluble  in  acids,  and  in  hot  ammonium  chloride, 
forming  the  "fusible  precipitate  ": 

Hg(NH,)Cl  +  NH4CI  =  Hg(NH»)jCU. 

If  ammonia  is  allowed  to  act  upon  mercuric  nitrate  a  white  oxy- 
amino  compound  is  always  formed: 

2  Hg(NO»),  +  4  NH,  +  H,0 


•  3  NH4NO,  +  O  (  §J  )  NH3  •  NO,. 


3.  Potassium  Iodide  produces  a  red  precipitate  of  mercuric  iodide, 
HgCl5  +  2r-.2Cl-+HgIs, 

soluble  in  excess  iodide  ions,  forming  a  colorless  complex  anion: 
Hgl,  +  2r  —  [HKI,]— . 

This  complex  anion  is  scarcely  dissociated  at  all  into  simple  mercuric 
cations,  for  the  solution  gives  no  precipitate  with  caustic  soda  or  potash. 
The  alkaline  solution  is  the  so-called  "  Nessler'a  reagent,"  and  servesfor 
the  detection  of  very  slight  traces  of  ammonia.     There  is  formed  in  this 

reaction   the   brown-colored   compound,   O     u^     NHj-1,    which  is 

soluble  in  an  excess  of  the  "Nessler'a  reagent,"  with  an  intense  yellow 
color  (cf.  p.  94).  Small  quantities  of  mercury  can  also  be  detected 
by  means  of  this  react  ion,  in  which  case  caustic  alkali  and  ammonia 
are  added  to  the  solution  whir!,  in-.  been  tested  with  potassium  iodide. 

4.  Alkali  Carbonates  precipitate  from  both  the  chloride  and  the 
nitrate  a  reddish-brown  basic  carbonate  in  the  cold, 

4  HgCl,  +  4  Na,CO,  -  8  NaCl  +  3  CO,  T  +  Hg40,  •  CO,, 

which  on  boiliiiR  loses  carbon  dioxide  and  is  changed  into  yellow  mer- 
curic oxide. 

5.  Alkali  Bicarbonates  produce  no  precipitation  in  a  solution  of 
mercuric  chloride,  but  do  cause  precipitation  from  mercuric  nitrate: 

4  Hg(NOi)l  +  8  NaHCOj  m  8  NaNO,  +  4  H,0  +  7  CO*  T  +  Hg,0,CO,. 

6.  Hydrogen  Sulfide  produces  in  solutions  of  mercuric  salts  a 
precipitate  which  is  at  first  white,  then  yellow,  brown,  and  finally 
black.  The  white  precipitate  is  formed  according  to  the  following 
equation : 

3  IlgCh  +  2  H,S  —  »  BCI  +  Hg,Cl,S,. 
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By  the  further  action  of  hydrogen  sulfide,  black  mercuric  sulfide  is 
finally  obtained: 

HgjCljS,  +  HjS  =  2  HC1  +  3  HgS. 

Mi TiMirie  sulfide  is  insoluble  in  dilute  bofting  acids.     Hot  concen- 
trated nitric  acid  transforms  it  gradually  into  white  HgjSj(NOi)i, 
Q  HgS  +  8  HNO,  -2N01+3S+4  H,0  +  3  Hg,S,(NO,)Jf 

which  by  long  Ixjiling  is  changed  into  the  soluble  nitrate. 

It  dJMolvea  readily  in  aqua  regia,  forming  the  chloride  with  separa 
'.i>>n  of  sulfur: 

3HgS  +  6HC1  + 2  HNO,  -  3HgCl,  +  3S  +  2  NOT  +  4  H,0. 

Mercuric  Hulfide  i-  insoluble  in  caustic  soda  and  potash  solutions, 
and  in  ammonium  sulfide,  but  it  dissolves  readily  in  sodium  or  potas- 
BUtn  sulfide : 

HgS  4-  K,S  =  Hg(SK),. 

By  dilution  with  water  tliis  compound  is  completely  hydrolyzcd 
into  mercuric  sulfide,  potassium  hydrosul fide  and  potassium  hydroxide : 
Hg(SK),  +  H,0  j*  KOH  +  KSH  -f  HgS. 

Therefore  it  is  always  necessary  to  dissolve  the  mercuric  sulfide  with 
considerable  potassium  sulfide,  or  with  little  potassium  sulfide  and 
considerable  caustic  potash,  in  order  to  prevent  this  hydrolysis. 

The  fact  that  Hg(SK)x  is  so  readily  hydrolyzcd  explains  the  forma- 
tion of  cinnabar  in  nature.     In  the  interior  of  the  earth  the  thio  < - 

pound  is  formed,  which  is  brought  by  springs  to  the  surface  and  there 
HUdttgpoa  the  above  decomposition. 

Ammonium  chloride  precipitate  mercuric  milfide  from  its  solution  in  alkaline 
lo.     Unlike  the  sulfide  of  silver,  lead,  bismuth  and  cadmium,  mercuric  sulfide 
•oluhlo  in  potassium  thiocarbonate  solution,  and  unlike  palladium,  it  in  precipi- 
tated frum  hucIi  a  solution  l>y  mc«ns  of  carbon  dioxide  gas. 


7.  Potassium  Cyanide  product's  in  a  solution  of  mercuric  chloride  no 
precipitation,  because  the  cyanide,  as  well  as  the  chloride,  forms  readily 
soluble  complex  compounds  with  alkali  chlorides.  The  following  arc 
known:  KIHgCbl,  K,(HgCUl.  K[Hg(CN),C!|,  K,|Hg(CN)!CUJ  and 
K:(Hg(GN).]. 

In  a  concentrated  solution  of  mercuric  nitrate,  potassium  cyanide 
produces  a  precipitate  of  mercuric  cyanide,  soluble  in  considerable 
water  and  in  poiMtfuU  cyanide: 

Hg(NO,),  +  2  CN"  -  2  NO,"  +  Hg(CN),. 

Mercuric  cyanide  is  the  only  cyanide  of  the  heavy  metals  that  is 
soluble  in  water.     It  dissolves  mercuric  oxide  perceptibly,  forming 
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the  complex  compound  (Hg<'Xiso.  Mercuric  oyanide  ■  not  pre- 
■  ipii.iii.l  by  alkali  carbonates  or  by  caustic  alkalies,  because  mercuric 
oxide  is  soluble  in  mercuric  cyanide.  It  is  not  decomposed  by  dilute 
sulfuric  acid,  although  it  is  by  the  halogen  acids  —  most  difficultly 
by  hydrochloric  ueid,  and  most  readily  by  hydriodic  acid,  hydrogen 
Hulfide  decomposes  it  with  precipitation  of  mercuric  sulfide: 

Hg(CN),  +  H,S  =  2  HCN  +  HgS. 

8.  Neutral  Alkali  Chromates  precipitate  yellow  mercuric  chroma tc 
from  lioth  the  chloride  and  nitrate  solutions.  On  long  standing  or 
by  boiling,  the  precipitate  becomes  red,  a  basic  salt  being  probably 
formed. 

9.  Alkali  Dichromates  throw  down  a  yellowish-brown  precipitate 
from  tin-  Dltrate  solution,  hut  not  from  the  chloride. 

10.  Ferrous  Sulfate  reduces  mercuric  nitrate  on  boiling  to  metallic 
mercury: 

HgfNO,),  +  2  Fe+*  —  2  Fe+++  -f  2  NO,"  +  Hg. 

Mercuric  chloride  and  cyanide  are  not  reduced  by  ferrous  sulfate. 

11.  Stannous  Chloride  reduces  mercuric  salts,  first  to  insoluble 
merouroUB  chloride  (calomel), 

2  HgCl,  +  Sn++  -» Sn4^  +  H&C1,  +  2  CT, 

and  by  further  action  to  free  mercury, 

HgaCU  +  Sn*+  =  Sn++++  +  2  Hg  +  2  CI". 

Metallic  mercury  separates  out  in  the  form  of  a  gray  powder. 
By  decanting  the  solution,  and  boiling  the  residue  with  dilute  hydro- 
chloric acid,  the  mercury  appears  in  tiny  globules. 

12.  Copper,  Zinc,  and  Iron  precipitate  mercury  from  solutions  of 
its  salts: 

HgCl,  +  Fe  =  Fe++  +  2  CI"  -r-  Hg/ 

BgCk  +  2Cu  =  Cu.Cl-i  +  Hg. 

On  placing  a  drop  of  mercury  solution  (whether  of  a  merctirous  or  a 
mercuric  salt)  upon  a  piece  of  bright  copper-foil,  |  gray  spot  is  formed, 
which,  when  ilrv.  booomM  as  bright  as  silver  by  rubbing. 

13.  Ammonium  Thioacetate  added  to  a  cold  solution  of  mercuric 
salt  containing  hydrochloric  acid  produces  a  white  precipitate  of  mer- 
curic sulfochluride  but,  in  a  hot  solution,  black  mercuric  sulfidi  il 
fonned. 


•  Thi*  reaction  in  employed  for  detecting  mrullir  iron  in  the  presence  of  FeO. 
tf  an  nxeess  of  HkC'I,  is  present  HgaCU  i*  fonned  (cf.  p.  156). 
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14.  Sodium  Thiosulfate  produces  in  n  boiliiiK-hot,  acid  solution  a 
precipitate  which  Efl  ni  firs!  white,  then  orange-yellow,  and  finally 
black.  The  precipitated  sulfur,  however,  is  likely  to  conceal  a  small 
quantity  of  the  mercury  precipitate. 

Mrrruront   Salt* 

Morriirniis  salts  all  contain  the  bivalent  mercurous  group  Hgi4"1" 
and  are  changed  more  or  [em  readily  into  mercuric  suits,  splitting  08 

one  atom  of  mercury  from  the  molecule.  Mercurous  salts  contai Din g 
oxygen,  like  mercuric  salts,  are  readily  hydrolyzcd  in  dilute  aqueous 
solutions;  thus  the  nitrate  is  decomposed  according  to  the  equation 

Hgj(NO,)3  +  HOH  =  HNOa  +  Hgj(OH)NO,. 

Mercurous  chloride  (calomel)  is  insoluble  in  water  and  hydrochloric 
acid,  but  soluble  in  nitric  acid  and  aqua  regia. 


Reactions  in   the  Wet   Way 

1.  Caustic  Potash  precipitates  black  mercurous  oxide: 

Hfe(NOi)s  +  2  OH"  —  2  NOT  +  H,0  +  Hg,0. 

2.  Ammonia  produces  a  black  precipitate  of  iiu-minc  amino  salt 
mixed  with  metallic  mercury: 

2  life!  NO,),  +  4  NH,  4-  H,0  =  3  NH.NO.,  +  O  (  g| )  NH,NO,+2  Hg. 

It  ran  easily  l>e  shown  that  this  precipitate  contains  metallic  m<T- 
imii-v  by  rubbing  :i  piece  of  pure  gold  over  it;  silver-lustrous  gold  amal- 

I  am  will  be  formed, 

Mercurous  chloride   (rives   with   ammonia  a  mercuric   amine   with 

separation  of  metallic  mercury: 

H&Clj  4-2NH,  =  XH.C'l  -f  HgtNH,)Cl  4-  Hg. 

By  baiting  the  black  precipitate  with  dilute  hydrochloric  acid  or 
with  concentrated  ammonium  chloride  solution,  the  mercuric  amine 
goes  Into  solution,  leaving  In-hind  drops  of  mercury. 

3.  Alkab'  Carbonates  give,  first,  a  yellow  precipitation  of  the  car- 
bonate, which  quickly  becomes  gray,  owing  to  the  formation  of  mer- 
curic oxide,  metallic  mercury,  and  carbon  dioxide: 

H&(NO»)i  4-  Na,CO,  =  2  NaNQ,  +  Hg,CO,, 
and 

HgaCO,  -  HgO  +  Hg  +  CO,  !  . 

4.  Ammonium  Carbonate  yields  the  sunn-  precipitate  at  ammonia. 
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5.  Hydrogen  Sulfide  immediately  throws  down  a  black  precipitate 
of  mercuric  sulfide  and  mercury  (difference  from  mercuric  salts) : 

Hfe(NO,)i  +  US  =  2  HNO,  +  HgS  +  Hg. 

The  black  precipitate  docs  not  dissolve  completely  in  potassium  sul- 
fide, the  mercury  remaining  insoluble,  but  in  alkali  polysuJfides  the 
entire  precipitate  dissolves. 

From  such  a  solution,  ammonium  chloride  throws  down    black 
mercuric  sulfide. 

6.  Hydrochloric  Acid  and  Soluble  Chlorides  precipitate  white  mer- 
curous  chloride  (calomel), 

Hg,(NO,)«  +  2  CI-  -*  2  NCV  +  Hg,Clt, 

insoluble  in  water  and  dilute  acids,  soluble  in  strong  nitric  acid  and 
aqua  regia.  On  boiling  for  a  long  time  with  water,  calomel  becomes 
gray,  owing  to  a  partial  decomposition  into  mercuric  chloride  and 
mercury. 

On  boiling  with  concentrated  sulfuric  acid,  mercuric  sulfate  is 
formed  with  evolution  of  sulfur  dioxide  and  hydrogen  chloride: 

(a)  Hg,CU  +  HaSO.  =  2  HC1 1  +  H&SO,. 
(fc)  H&SO«  +  2  H,SO,  =  2  H,0  +  SO,  T  4-  2  HgSO,. 

7.  Neutral  Potassium  Chromate  precipitates  red  mercurous  chro- 
matc  on  boiling  («f,  p.  149): 

H&(NOi)i  +  K,CrO«  =  2  KNO,  +  H&CrO,. 

B.   Potassium  Iodide  precipitates  green  mercurous  iodide, 

Hg,(NO,),  +  2  KI  =  2  KNO,  +  HgA, 

partly  soluble  in  an  excess  of  the  precipitant,  with  the  formation  of 
potassium  mercuric  iodide  and  the  separation  of  mercury: 

HgJIt  +  2I--(HgI4]--  +  Hg. 

9.  Potassium  Cyanide  precipitates  metallic  mercury,  mercuric 
cyanide  being  formed  at  the  same  time: 

Hg,(NO,),  +  2KCN   =  2  KNO,  +  Hg(CN),  +  Hg. 

10-  Stannous  Chloride  added  in  very  small  quantities  precipitates 
white  iii<  ivurous  chloride,  but  if  more  than  an  equivalent  weight  of 
stannous  ions  is  added,  a  gray  mixture  of  inenurous  chloride  and 
finely-divided  mercury  is  obtained,  and  eventually  all  of  the  mercurous 
chloride  can  be  changed  to  free  mercury. 

Hg,(NO,)t  +  8n**  —  Sn-"++  +  9  NO,"  +  2Hg. 
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11.  Ammonium  Thioacetate  and  Sodium  Thiosulfate  produce  sul- 
fide precipitates  when  added  to  acid  [solution."  of  lucrcuruus  salts,  the 
precipitates  consisting  of  black  mercuric  sulfide  and  finely-divided 
nwrcupy  together  with  sulfur. 

12.  Polished  Copper  touched  with  a  drop  of  nearly  neutral  incr- 
curous  solution  onuses  the  deposition  of  metallic  meroory.  If,  liter 
a  short  time,  the  solution  is  washed  off  and  the  copper  is  rubbed 
gently  with  a  woolen  cloth  or  piece  of  paper,  a  silver-white,  lustrous 
spot  is  obtained. 


Reactions  of  Mercury  in  ttw  Itry  Way 

Nearly  all  mercury  compounds  sublime  on  being  heated  in  the 
closed  tulx!.  Mercuric  chloride  first  melts,  then  vaporizes,  forming  a 
crystalline  deposit  on  the  cold  sides  of  the  tul>c.  Mercuroua  chloride 
sublimes;  the  sublimate  is  almost  white,  but  there  is  a  slight  gr;i\  i-di 
tint  owing  to  the  decomposition  of  a  small  part  of  the  substance  into 
mercuric  chloride  and  mercury-  Mercuric  iodide  yields  a  yellow  sub- 
limate, which  becomes  red  on  being  rubbed  with  a  glass  rod.  Mercury 
i  (impounds  containing  oxygen  (all  more  or  less  unstable)  yield  mercury. 

The  sulfide  gives  a  black  sublimate. 

All  compounds  of  mercury,  when  mixed  with  sodium  carbonate 
and  heated  in  a  closed  tube,  yield  a  Krny  mirror,  consisting  of  small 
globules  of  mercury.  In  order  to  make  the  drops  more  apparent, 
place  a  piece  of  filter-paper  over  a  glass  rod,  and  rub  the  mirror  with 
it.  The  small  drops  then  run  together  into  large  ones,  stick  to  the 
paper,  and  can  lw  removed  from  the  glass. 

Detection  of  Mercury  in  Urine' 

Treat  500  to  1000  e<\  of  urine  in  a  beak  it  »n  h  0  ">  pa  rent  hydrochloric  or  sulfuric 
acid,  ntici  0  5  gin.  nf  brsua  wool  (such  as  is  used  for  the  ornamentation  of  Christmas 
trees)  ami,  while  heating  on  the  water-bath  to  60°  or  80°,  paw  air  through  the  liquid 
for  from  I'M  do  fifteen  minutes,  to  keep  it  in  constant  motion.  Any  mercury  present 
is  replaced  by  copper:  HgCli  +  Co  -  CuCli  +  Hg. 

The  mercury,  as  fast  as  it  is  set  free,  amalgamate*  with  the  excess  of  copper 
present.  lJour  off  tin.-  liquid  (nun  (he  tiny  1 1 1  r- ■:«. (-  .if  br.ws  and  wash  thoroughly 
by  decsntatam  with  distills  I  water,  then  with  alcohol,  ami  fuially  with  ether.  Preaa 
the  brax-  thread  between  layer*  of  filter-paper,  to  free  them  from  any  adhering 
ether,  and  roll  them  between  the  finder*  into  a  small  pellet  Introduce  this  pellet 
into  a  thoroughly  cleanied  and  perfectly  dry  glass  lube,  10  em.  long.  0.5  eru.  wide 
and  closed  at  one  end.  V  Ith  the  aid  of  the  blast  Hume,  draw  out  a  capillar)'  of 
about  I  mm.  width  in  the  tube  about  0.5  em.  away  from  the  bran*,  toward  the  open 
end  of  the  tube.     After  cooling  the  tube,  heat  the  bottom  of  it,  in  which  Uic  sample 


•  P.  Fcsu.nubii,  Z.  and.  Chtm.,  27,  526    lsss). 
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rests,  to  dark  reduces.  This  rmwa  the  iiicrciBgp  to  distill  off  and  it  in  condensed  in 
tiic  colder  portion  of  the  tube  in  ft  gray  mirror  consisting  wf  tiny  drops.  If  any  coti- 
aidorel.lc  :ini'iiiiii  of  mercury  is  present,  e.g.,  more  than  1  mg.,  the  droi#>  of  iiht- 
cury  can  In-  distinctly  seen  with  a  lens.  If  leas  than  1  mg.  of  mercury  is  present  m 
i  lie  .mil-  ii  i  •. cry  dilliculi.  to  distinguish  the  mirror.  In  this  wise  to  make  it  per- 
ccptihlc,  transform  I  In-  mercury  into  scarlet-red  mercuric  iodide.  To 
this,  place  a  small  crystal  or  two  of  iodine  in  a  toUul"'  sod  cut  off  the  t uric  eopj- 
Uinini  the.  wtteaty  minoi  juet  tbovt  the  place  when  the  bull  of  brass  rest*  and 
place  tlii-  part  Oi  the  tube  containing  the  mercury  in  the  test-tube.  Cautiously 
heat  the  bottom  ol  th(  test-tube  over  a  gas  flame.  As  soon  as  the  violet  vapors  of 
iodine  reach  the  place  where  the  mercury  was  dejiosited,  the  bitter  is.  transformed. 
by  very  gentle  heating,  into  the  ml  iodide,  which  can  be. 
seen  most  distinctly  by  removing  the  little  tul>e  and  laving 
il  n|M»n  a  piece  of  while  pa|K*r  Tin.'  mcihod  i-  very  sen- 
sitive  miii!    | •<'■-■•  lit «    id,,    poativt    PBOOgnilinii  hi'  -.,-   little  :i- 

tt4  mg.  of  HgCl,.» 

Infection  of  Mercury   I'apors  in   the  Air 

Place  :■  piece  Of  pure  gold  leaf  in  a  small  glow,  tulie  and 
draw  the  air  to  be  tested  through  the  tube  for  an  hour,  at 
a  rate  not  greuter  than  one  liter  per  minute.  Meanwhile 
evacuate  :i  i  iii-.-Ici  tube,  of  the  form  shown  iii  Fig.  19,  by 
mean*  of  b  water  pump  (not  n  mercury  pump!)  and  finally 
close  both  stopcocks.  Place  the  gold  leaf,  which  now  con- 
tain as  amalgam  any  mercury  thai  wax  present  in  the  air 
tested,  in  the  tul»e  »  and  suddeiib  open  the  cock  a,  which 
ha»  a  wide  bore;  this  causes  the  gold  to  be  sucked  Into 
tin  tube,  stopping  at  r,  the  mouth  of  (be  capillary  n|iening. 
The  next  ■•lop  in  to  replace  I  he  air  in  the  til  lie  by  hydrogen, 
Introduce  hydrogen  go*,  obtained  from  a  Kipp  generator 

iwnl   ilneil    liy    ict-ntrated   sulfuric    acid,    al    n    mid   :illo« 

the  mis  tO  paw  OUt  at  'i        Utei  :i  rapid  stream  of  the  gas 
li:<-    |i:i>-..l    tbiv'iiieh   the   tuKc  for  three  uiintit,  ,    elOM  the 

cocks  a  and  b,  without  disconnecting  the  Kipp  generator, 
iimn.t  J,  with  the  suction  pumpt  and  evacuate  the  np- 
piir.on-  (<n  :•  minute  or  two;  then  close  b,  and  open  a 
< which  cam**  more  hydrogen  to  enter  the  apparatus): 
close  o  again,  open  l>  and  once  more  evacuate  the  appa- 
ratus Kc|icnt  thin  alternate  intrnductioB  of  hydrogen  gas 
and  evacuation  five  or  six  times.  In  this  way  the  air  is 
entirely  replaced  by  hydrogen.  Finally  ill  Mil  Hi  II  the  tube 
for  live  or  ten  minutes  nnd  close  the  cock  b.     Place  the  capillary  in  front  of  the  ulit 

of  a  spectroscope   and   allow  tl -midary  current   of  an   induction  apparatus   to 

pass  through  the  tube.     In  the  proem ,  i  ,i  the  merest  trace  of  mercury,  the  eharao- 


Fra,  is 


•  I- 1 >r  other  mcthoil«  of  detecting  mercury  in  urine,  vc  Jriu.Es,  Z.  annl.f'hrm., 
SB,  210  (1800)  Ml  '  I  i  •/  Pharm.  Chim.  |5],  1«,  444  <1RK!»;  and  Om.vnsni, 
Z.  anal,  fViem..  42  HflOrt:,  431. 

t  Between  the  iratar  HotlSB-fxnn  and  the  Geissler  tube,  a  calcium  chloride 
drying  tube  should  be  introdnc,  I 
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riM.li'  green  Inn-  .'.Hi,.,,  is  ili.linrtly  vis.il. le  in    the  eold,  mid  Willi  '        NirRer 

nounla  of  mercury  the  indigo-blue  lino  at  -156  mm  can  bo  wen.  If  the  wad  of  gold 
leaf  Li  cautiously  warmed  with  the  Butisen  llame,  the  mercury  spectrum  appears 
still  DOOM  sharply. 

Henmrl:.     Tim  (Ml  II  H  extremely  aci  i  i '  r  .   that  a  blank  lest  performed  in  place* 

whirr  work    with   mcreiirv  1m-    been   perf'iruied  will  often  .dn>w   the  pre.ieriei    nl    llur. 

element  in  the  atmosphere. 

If  the  apparatus  has  been  once  used  for  the  detection  of  mercury  it  mutt  be 
ilmrouKlilj  iliuii.fcd  before  it  is  used  ugnin  fur  this  purpose.  To  thia  cud,  IMDOVi 
f  he*  Kuld  and  allow  :ii|un  renin  to  remain  in  the  tube  for  several  minutes.  Draw  out 
the  anil  and  rinse  tin-  tube)  three  tin)  with  distilled  wnor.  onee  with  iilmolute 
alcohol  *  and  finally  dry  by  plowing  dry  hydrogen  thruuKh  'he  lulu-  for  five  minute*, 
while  warming  it  Ht  the  xume  time.  Ignite  I  lie  gold  gently  to  dint  ill  off  any  mercury 
it  may  contain.  If  now  on  introducing  thr  gohj  and  evacuating  the  apparatus,  the 
mercury  spectrum  i*  no  longer  visible,  the  tab*  II  ready  for  ■  new  experiment. 

Il  inuy  he  mentioiH-i!  that  the  two  platinum  win*  in  the  Qefceete  tulie  ino-l  nul 
lie  provided  wilh  nhiiiiiiiiimi  point*,  because  ilimiiniiini  niunlgii mates  with  mercury, 
mid  when  thr  ixunt.s  nre  oner  iirnnlgnmntod  it  is  UBDOeeUIMt  (0  free  the  tube  silffi- 
ciently  from  mercury  to  |»erniit  it*  uue  for  subsequent  experiments. 

Lead,  Pb.    At.  Wt.  207.20 

Sp.  (.Jr.  -  ll.3tt-ll.39.     M.  Pt.  =  327.4°     B.  Ft  =  1000° 

Occurrence.  —  Galena,  PI'S,  isometric;  ivrussitc,  PbC'Oj,  nrtho- 
rhombic  and  isomorphous  with  aragonite,  CftCOj;  anglesito,  PbSO«, 
orthorhombic,  isomorphous  \\ i 1 1 1  anhydrite,  CaSO,,  .•elestilc.  SiSii., 
and  haritc,  liaSO,;  pyromorphite,  PbefPOibCl,  hexagonal;  mimetite, 
A»0«)jC1;  vaiutdiiiilc,  Pb-,1  VO,),Cl.  The  last  Mini  minerals  arc 
isomorphous  and  l>elorig  to  the  apatite  group.  Other  minerals  which 
may  be  nientimtcd  are  wulfenite.  PbMoO,,  tetragon.nl.  isomorphous 
with  Mnlzite,  PbWOt,  and  the  rnoiiix-liiiie  crueoite.  PbCrO«. 

Lead  is  a  bluish-gray  metal.  It  is  attacked  by  all  acids.  As, 
however,  most  lend  salts  are  difficultly  soluble  in  water,  it  usually 
becomes  coated  with  :i  layer  nl*  salt,  whieli  protects  il  from  lutiln-i 
action  of  the  acid.  Thus  lead  is  immediately  attacked  by  dilute  sul- 
furic acid  according  to  the  equation 

Pb  +  H3S(),  =  PbSO,  +  H,  I  . 

But,  as  lead  sulfate  is  insoluble  in  dilute  sulfuric  acid,  the  reaction 
quickly  ceases.  I 'port  this  principle  rests  the  use  of  "lend  chambers  " 
in  the  manufacture  of  sulfuric  and.  and  the  use  of  "lead  pans"  for 
the  concentration  of  the  dilute  "chamber  acid."  It  lias,  however, 
been  found  from  experience  that  the  sulfuric  add  should  nut  he  con- 
centrated too  much  in  lead  pans  —  stopping  when  a  78-82  per  cent  add 


•    All  those  operations  must   lie  carried  out  in  a  space  where  r  h< -r.-  on  positively 
no  mercury  vapors  present  in  the  atmosphere. 


REACTIONS  OF  THE  METALS 


i«  obtained.     The  protecting  layer  of  lead  sulfate  is  soluble  in  hot  con- 
centrated sulfuric  acid,  forming  soluble  b-:t«!  bisulfutc,  l'bSO.-f  H2S04— » 
I  ISOi)j,  bo  that  the  hot  concentrated  acid  can  act  on  the  freshly- 
exposed  surface  of  lead: 

Pb  +  8  HtBOi  -  2  H,0  +  Pb(HSO,),  +  SOj  t . 

Lead  behaves  quite  similarly  on  treatment  with  hydrochloric  acid. 
On  the  surface  a  protect  mi;  Mating  of  lead  chloride  is  obtained,  which 
is  soluble  in  hot  concentrated  hydrochloric  acid,  forming  H[PbCl«]. 
Lead  is  soluble,  therefore,  in  concentrated  hydrochloric  acid. 

Pb  +  3  HC1  =  HIPbCU]  +  H,  T  • 

Hydrofluoric  acid  attacks  lead  similarly,  forming  a  protecting 
layer  of  lead  fluoride,  which  is  insoluble  in  hydrofluoric  acid.  Con- 
sequently lead  retorts  can  Ix:  used  for  the  distillation  of  hydrofluoric 
acid  and  in  the  preparation  of  hydrofluoric  acid  by  means  of  fluorite 
and  sulfuric  acid. 

Dilute  nitric  acid  is  the  proper  solvent  for  lead.  Lead  nitrate  is 
insoluble  in  strong  nitric  acid,  so  that  lead  does  not  dissolve  in  con- 
centrated nitric  acid ;  the  solution  must  be  sufficiently  dilute  to  prevent 
tin;  separation  of  the  lead  nitrate  formed. 

id  forms  the  following  oxides :  lead  suboxide,  PbiO;  lead  protoxide 
(litharge  and  massicot),  PbOj  lead  scsquioxide,  PbjOs;  minium  (red 
lead),  PbiOti  and  lead  peroxide,  PbO*. 

Of  these  oxides,  PbO  alone  is  the  anhydride  of  a  base;  *   from  it 

the  salts  of  lead  are  derived,  in  which  tin-  lend  is  bivalent.  This  lead 
protoxide  (litharge)  is  a  yellow  powder,  which  melts  at  about  980°  C, 
and  solidifies  on  slow  cooling,  forming  tetragonal  crystals  (needles). 
It  is  slightly  soluble  in  water  with  an  alkaline  reaction,  and  is  readily 
soluble  in  dilute  nitric  acid. 

Ix?ad  suboxide,  PbjO,  is  formed  as  a  black  velvety  powder  on  heat- 
ing the  oxalate  to  about  300°  C: 

2  PbCaO,  -  3  CO,  t  +  CO  t  +  Pb,0. 

On  heating  the  suboxide  in  the  air,  it  becomes  readily  oxidised  to 
lead  protoxide. 

Lead  dioxide,  PbOt,  may  be  regarded  as  the  anhydride  of  ortho- 
pluinbic  acid,  H«Pbf>i,  or  metaplumbic  acid,  HjPbOi, 


.OH 

\— Oil 
X>H 

Orlhoplum  liir  w-ici 


Of 


Pb^O    , 
XOH 


•  Although  Pb(&HiOi).  i»  known. 
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just  lis  SiOj,  SnOi,  COj  and  MnOi,  are  anhydrides  of  silicic,  stannic, 
carbonic,  and  manganou*  acids.  T!i«-  arid  HjIMiU,  is  formed  by  I  he 
oxidation  of  lead  hydroxide,  Pb(OH)j,  in  alkaline  solution  by  means 
of  hypochlorites,  chlorine,  bromine,  hydrogen  peroxide,  or  potassium 
pereulfate: 

Pb(OH),  +  2  OH"  +  CU  -*  HiO  +  2  CI    +  H2Pb03. 

The  brown  mctaplumbic  acid  which  separator  out  goes  over  at 
100°  C.  into  the  anhydride;  and  the  latter  on  ignition  loses  oxygon, 
changing  into  yellow  lead  protoxide.  The  other  two  oxides  of  lead, 
PlijO.,  and  l'b.o,,  may  1><-  regarded  as  salts  of  the  plumbic  aeids; 
Pb,0,  as  lead  metaplumbate,  PbPbOj,  and  Ph,04  as  the  lead  ortho- 
plumbate,  PbjPbt),. 

I'M},  is  obtained  as  a  yellow  precipitate  on  gently  oxidizing  an 
alkaline  solution  of  lead  monoxide  by  means  of  hypochlorites,  halo- 
gens, hydrogen  peroxide,  or  pereulfates, 

2  Pb(OH),  +  2  OH"  +  Ci,  —  2  CI"  +  3  H,0  +  Pb,0„ 

and  the  red  minium,  PbjO«,  by  igniting  lead  oxide  or  lead  carbonate 
for  some  time  in  the  air  at  about  430°  C. : 

fiPbO-f  O,  =2PbjO,. 

Both  Pb»0»  and  PbjO«  behave  chemically  aa  salts;  for,  on  treating 
with  nitric  acid,  brown  plumbic  acid  and  lead  nitrate  are  formed,  which 
corresponds  to  the  action  of  nitric  arid  on,  sny,  lead  carbonate: 

PbPbO,  +  2  H+  —  Pb++  +  HjPbO,, 
Pb,Pb04  -f  4  H+  -» 2  Pb^  -I-  H,0  +  H,PbO,. 

These  salt-like  oxides  *  are  perfectly  analogous  to  those  of  man- 
ganese; on  treatment  with  hydrochloric  acid  they  yield  chlorine,  the 
plumbic  acid,  at  first  set  free,  behaving  like  a  peroxide: 

PbO,  +  4  HCI  =  2  H,0  +  PbCl,  -f-  CU  T  J 
PbjO,  -f  6  HCI  =  3  H,0  +  2  PbCb  +  CI,  T  ; 
Pb.O.  +  8  HCI  =  4  H,0  -f  3  PbCU  +  CI,  T  • 


Reactions  in  the  Wet  Way 

Most  lead  salts  am  difficultly  soluble  or  insoluble  in  water;  but  all 
dissolve  in  dilute  nitric  acid,  excepting,  perhaps,  fused  lead  chromate, 
whieh  is  very  difficultly  soluble. 


•  Besides  the  load  salta  of  plumbic  acid,  alkali  and  alkaline  earth  **lU  aw  known. 
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1.  Potassium  and  Sodium  Hydroxides  precipitate  white  lead  hy- 
droxide, 

Pb++  +  2  OH"  —  Pb(OH),, 

soluble  in  an  excess  of  the  precipitant,  forming  a  plumbite: 
Pb(OH),  +  OH"  —  H,0  +  HPbOT. 

Pb(OH)j  is  also  slightly  soluble  in  water  which  is  free  from  carbonic 
acid.  The  aqueous  solution  of  lead  hydroxide  is  slightly  alkaline. 
The  addition  of  hydrogen  peroxide,  hypochlorite  or  pereulfate  causes 
precipitation  of  dark  brown  lead  peroxide,  PbOj. 

2.  Ammonia  precipitates  the  white  hydroxide,  insoluble  in  excess 
of  the  reagent. 

3.  Alkali  Carbonates  precipitate  white  basic  lead  carbonate.  Alkali 
bicarbonates  precipitate  the  normal  carbonate. 

4.  Sodium  Phosphate  precipitates  white  lead  phosphate, 

3  Pb++  +  4  HPOr  "  -*  2  H8POr  +  Pb,(PO«),, 

insoluble  in  acetic  acid,  readily  soluble  in  nitric  acid,  caustic  soda  or 
potash. 

5.  Potassium  Cyanide  precipitates  white  lead  cyanide,  insoluble  in 
an  excess. 

6.  Hydrochloric  Acid  or  Soluble  Chlorides  precipitate  from  moder- 
ately concentrated  solutions,  white  flocculent  lead  chloride: 

Pb++  +  2Cr->PbCU, 
difficultly  soluble  in  cold  water  (135  parts  of  water  dissolve  1  part 
of  PbCl»),  but  much  more  soluble  in  hot  water;  on  cooling  the  solution, 
lead  chloride  separates  in  the  form  of  glistening  needles  or  plates. 
Lead  chloride  is  much  more  soluble  in  concentrated  hydrochloric  acid 
and  in  a  concentrated  solution  of  a  chloride  of  an  alkali  than  it  is  in 
water,  as  it  forms  complex  compounds  with  these  substances  such  as 
H[PbCla],  K[PbCl»],  which  are,  however,  decomposed  on  dilution  with 
water,  with  separation  of  lead  chloride. 

7.  Potassium  Iodide  precipitates  yellow  lead  iodide: 

Pb++  +  2r-*PbI,. 

The  iodide  is  much  less  soluble  in  water  than  the  chloride  (195  cc.  of 
boiling  water  dissolve  only  1  gm.  of  lead  iodide),  forming  a  colorless 
solution  from  which  lead  iodide  separates  on  cooling,  in  the  form  of 
golden  yellow  plates. 

The  iodide  dissolves  to  a  considerable  extent  in  hydriodic  acid, 
and  in  a  solution  of  an  alkali  iodide,  forming  lead  hydriodic  acid, 
H[PbI»]  or  one  of  its  salts  (such  as  K[PbI»]),  all  of  which  are  decomposed 
on  dilution,  with  deposition  of  lead  iodide. 
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8.  Alkali  Chromates  produce  a  yellow  precipitate  of  lead  chromate, 

Pb«  +(>().   -     -PbCrO, 
and 

2  Pb*+  +  C&Of  ■  +  2 1 .  ■  ■  1 1  Oi    +  11,0  —  2  HQHjOi  +  2  PbCrO,. 

<1  r-hromate  is  insoluble  in  arctic  acid    but  soluble  in  nitric  acid 
1 1  is  tic  alkali. 

9.  Hydrogen  Sulfide  produces  in  dilute  lead  solutions  (from  slightly 
dilutions,  as  well  aa  from  neutral  or  alkaline  ones  i  a  black  pre- 
cipitate of  lead  sulfide: 

I'l,  i   f-  HjS^-J  IP  +  PbS. 

i  hydrochloric  acid  solutions  an  orange-red  precipitate  of  lead 
Botfochloride  a  at  first  obtained, 

J  I'bCI,  +  HtS  -♦  2 IIC1  +  PbjCliS, 

which  fa  decomposed  immediately  by  mure  hydrogen  sulfide,  forming 
lack  lead  sulfide.     In  this  respect  lead  salts  are  similar  to  mercuric 
salta  (sec  p.  210). 

nl  sulfide  is  soluble  in  dilute,  boiling.  2-normal  nitric  acid,  form- 
ing lead  nitrate,  with  separation  of  sulfur: 

3  PbS  -»-  2  UNO,  +  6  H+-* 3  Pb*+  +  4  HtO  +  2  NO  T  +  3  S. 

Thr  !i   usually  goes  a  little  farther;    sonic  of  the  sulfur  is 

oxidised  Ui  sulfuric  acid,  forming  insoluble  lead  sulfate.     The  amount 

of  sulfuric  acid  formed  (and  therefore  of  the  lead  Sulfate  also)  increases 
the  concentration  of  the  acid. 
Lead  sulfide  is  also  soluble  in  strong  hydrochloric  acid : 
PbS  f  2H+*=*Pb"H  i  H£  I  • 

10.  Ammonium  Thioacetate  added  to  an  acid  solution  of  a  lead  salt 
[induces  at  first  a  red  precipitate  of  sulfochloride  and  finally  a  black 
I  n  cipitate  of  lead  sulfide. 

11.  Sodium  Thiosulfate  produces  a  white  precipitate  of  lend  Ibio- 
Bulfate,  soluble  in  an  excess  of  the  precipitant  fonning,  as  in  t  In 

<ilvcr  salt,  a  complex   thiosulfate  ion.     In  the  presence  of  and, 
lead  sulfide  is  precipitated  on  boiling. 

12  Sulfuric  Acid  and  Soluble  Sulfates  in  solutions  of  lead  salts 
cause  the  separation  of  white,  difficultly  soluble  lead  sulfate; 

Ply*  +  H2SO,  -+2H+  +  PbSO,. 

One  part  of  the  salt  dissolves  at  the  ordinary  temperature  in  22,800  cc. 

mtaining  a  little  sulfuric  acid  it  is  still  Irs 
while  in  alcohol   it   is  insoluble.     Lead  sulfate  dissolves  appreciably 
in  hot,  dilute  hydrochloric  or  nitric  acid,  forming  Pb(HSO«)».    On 
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cooling  the  hydrochloric  acid  solution,  lead  chloride  separates  out  in 
noodles.  Almost  nil  the  sulfuric  acid  of  commerce  contains  some  dis- 
solved lead  sulfate.  In  order  to  detect  this,  200-300  cc.  of  the  con- 
centrated acid  should  be  diluted  with  an  equal  volume  of  water  and 
allowed  to  stand  twelve  hours,  whereby  the  lead  sulfate  separates  as  a 

white  powder. 

Besides  being  soluble  in  acids,  lead  sulfate  is  easily  soluble  in  caustic 
alkalies,  and  in  solutions  containing  the  ammonium  salts  of  many 
organic  acids.  This  last  property  is  of  great,  importance  for  the 
analytical  chemist,  as  it  offers  a  means  for  separating  lead  sulfate 
from  barium  sulfate,  silica,  etc.,  which  remain  undissolved.  Ammo- 
nium acetate  or  .ummoniiim  tartrate  is  usually  used  as  the  solvent. 

The  reason  lead  sulfate  dissolves  in  a  concentrated  solution  of  am- 
monium acetate  is  due  to  the  formation  of  lead  acetate,  which  is  ionized 
only  to  a  very  slight  extent  in  the  presence  of  an  excess  of  acetate 
[one: 

PbSO,  +  2  <  \  11 .,( >r  -» Pb(CiH»Ot)i  +  SO«~_. 

Similarly,  ammonium  tartrate  in  aqueous  solution  dissolves  lead 
sulfate  by  forming  a  tartrate  which  does  not  ionize  to  any  extent 
into  simple  lead  cations.  Lead  sulfate  also  dissolves  easily  in  caustic 
alkali  solutions,  forming  alkali  plumbitea. 

From  all  these  solutions  the  lead  can  be  precipitated  as  eliminate  by 
the  addition  of  potassium  ehromate,  as  sulfate  upon  the  addition  of 
dilute  sulfuric  acid  or  as  sulfide  by  ammonium  sulfide. 

React  ions  in  the  Dry  Way 

Heated  with  sodium  carbonate  on  charcoal,  all  lead  compounds 
yield  a  malleable  button,  surrounded  with  an  incrustation  of  the 
yellow  oxide.  On  the  charcoal  stick  also,  the  malleable  button  is 
readily  obtained. 

Lead  glass  turns  black  on  heating  in  the  reducing  flame,  owing  to 
the  separation  of  lead. 


Bismuth,  Bi.    At.  Wt.  208.0 

Sp.  Gr.  -  9J9.     M.  Pt.  -  270°.     B.  Pt.  about  1435° 

Occurrence.  —  Bismuth  usually  occurs  native  with  nickel  and  co- 
balt ores.  The  following  ores  arc  of  no  groat  importance:  Bis- 
mite,  Bi.O,;  hismuthinite,  BiA;  einplectitc,  BisSiGOb;  bismutite, 
3[BiOH)|CO,]-5Bi(OH)i. 

Mismuth  is  a  brittle,  reddish-white  metal  which  crystallizes  in  the 
hexagonal  system.     The  proper  solvent  for  bismuth  (as  is  the  case 
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witli  most  other  metals)  is  nitric  acid.  Hydrochloric  acid  doe*  not 
attack  bismuth,  and  sulfuric  acid  dissolves  it  only  on  warming. 

Bismuth  forms  three  oxides:  bismuth  trioxidc,  BijOj,  bismuth 
tctroxide,  Bi»0,,  and  bismuth  peroxide,  BijO». 

BiBtnuth  trioxidc  is  a  basic  anhydride.*  from  which  most  bismuth  salts 
are  derived.  Bismuth  ix-utnxidr.  a  brownish  substance,  acts  as  an  acid 
anhydride,  forming  an  acid,  HBiO,,  corresponding  to  mctaphosphoric 
acid.  Salts  of  this  acid  have  never  been  prepared  in  a  pure  state. 
On  igniting,  BijOj  loses  oxygen,  forming  yellow  Bi,Oj.  It  dissolves 
in  hydrochloric  acid  with  evolution  of  chlorine,  forming  a  salt  of  tri- 
valent  bismuth: 

Bi206  +  10  HCI  =  5  HaO  +  2  BiCU  +  2iCl,  }  . 

Bismuth  tetroxidc  is  a  brown  powder  which  is  sometimes  used  as  an 
efficient  oxidizing  agent.  Commercial  sodium  bismuthate  is  probably 
i  mixture  of  NaBiOj  and  BijO«. 

Bismuth  salts  arc  mostly  colorless,  and  arc  all  insoluble  in  consider- 
able water,  on  account  of  being  hydrolyzed  into  an  insoluble  balk 
salt;  thus  the  chloride  is  quantitatively  decomposed  into  basic  bis- 
muth chloride,  often  called  biamulhyl  chloride, 

BiCU  +  H,0  *±  2  HCI  +  BiOCl, 

insoluble  in  tartaric  acid  (difference  from  antimony). 

Bismuthyl  chloride  is  readily  soluble  in  hydrochloric  acid,  the  above 
equation  taking  place  from  right  to  left.  The  reaction,  therefore,  is 
reversible  and  the  relative  amounts  of  water  and  hydrochloric  acid 
present  determine  in  which  direction  the  reaction  will  go.  On  add- 
ing water  to  a  slightly  acid  solution  of  BiC'U,  a  white  precipitate  of 
the  basic  chloride  appears  immediately.  On  carefully  ■define  liydm 
chloric  acid,  the  precipitate  again  dissolves,  but  may  be  rcprecipitated 
by  the  addition  of  more  water.  All  the  other  compounds  of  bismuth 
act  as  the  chloride.  The  nitrate  yields,  at  first,  an  amorphous  pre- 
cipitate of  BiONO,, 

Bi(NO,),  +  H,0  *=t  2  HNO,  +  BiO(NO,), 

which  becomes  more  basic  and  crystalline  on  further  addition  of  water: 

2BiO(NO,)  +  H,Or*Bi,0,(OH)(NO,)  4-  HMO,. 

This  last  compound  is  the  bismuth  subnitrott  which  is  so  much  used 
in  medicine. 


*  Bismuth  trioxidc  acta  tm  a  weak  arid  under  some  circuoutaaoa  (cf.  foot-note, 
p.  224). 
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Ktttilimis   in    tin-   Wvt    Way 

1.  Potassium  Hydroxide  precipitates,  in  the  cold,  white  bismuth 

hydroxide, 

Bi+++  +  3  OH"  —  Bi(OH),, 

which,  on  boiling,  becomes  pale  yellow: 

Bi(OH),  -*  Hs(>  +  BiO(OH). 

Botli  <>f  these  hydroxides  en  insoluble  in  an  excess  of  the  precipi- 
tant, *  but  urn  readily  BOluUe  in  acids. 

i  in  adding  to  th<>  alkaline  solution,  in  which  the  hydroxide  is  sus- 
pended.  chlorine,  bromine,  hypochlorites,  or  hydrogen  peroxide,  the 
white  or  yellowish  precipitate  becomes  brown,  owing  to  the  formation 
of  bi.sinuthic  acid: 

BiO(OH)  +  2  OH"  +  CI,  —  H,0  +  2  CI"  +  HBiO,. 

2.  Ammonia  precipitates  a  white  basic  -ah  (not  the  hydroxide), 
the  composition  of  which  varies  with  the  concentration  and  with  the 
temperature 

'.i.  Alkali  Carbonates  precipitate,  aceording  to  the  temperature 
and  concentration,  a  number  of  basic  carbonates:  one  of  which  is 
formed  according  to  the  foil.  nintion: 

2Bi*++  +  3 CO."  +  H,0^2Bi(OH)(COJ)  +  CO,  J  . 

4.   Sodium  Phosphate  precipitates  the  white,  granular  phosphate, 

insoluble  in  dilute  nitric  add,  difficultly  soluble  in   hydrochloric  acid: 
2HPO, "-  +  l.i"    —HjPOr  +  BJPO,. 

.i.    Potassium  Cyanide  precipitates  the  white  hydroxide  fnot  the 
cyanide).     The  cyanide  is  probably  formed  first,  but  it  is  hydrolyaed: 
(a)  Bi+++  +  3  CN~  —  Bi(CN)4. 
(b)  BifCN),  +  3  HOH  =  3  HCN  +  BifOH 

G.  Potassium  Dichromate  added  In  excess  precipitates  yellow  bie- 
inuthyl  dichromate. 

Cr,Or"-  +  2  Bi+++  +  2  H-0  ^4H'+  (BiO^Cr-O;, 
soluble  in  mineral  acids,  insoluble  in  caustic  alkalies  (difference  from 

lead). 

The  precipitated  dichroi  more  soluble  in  acid  and  less  soluble 

in  alkalies  than  lead  chrotnate. 


•  In  very  romvntratcd  KOO,  Ri(OH')i  dissolves  on  warming.    On  cooling,  part 
of  thr  Hi  Oil  i,  i*  precMpiliiUd,  imd  OS  dilution  ull  of  it.      In  Hub  BMB  tin-  hydroxide 

acts  as  a  wenk  utU,  lik*  antimony  trtoxWe. 
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7.  Hydrogen  Sulfide  precipitates  brown  bismuth  sulfide, 
2  Bi+++  +  3  H2S  —  Bi,S,  +  6  H+, 

insoluble  in  cold  dilute  mineral  acids  and  alkaline  sulfides,  soluble  in 
hot  dilute  nitric  acid,  and  in  boiling,  concentrated  hydrochloric  acid. 

8.  Alkali  Stannites  (an  alkaline  solution  of  stannous  chloride) 
cause  a  black  precipitation  of  metallic  bismuth.*  This  very  sensitive 
reaction  is  performed  as  follows:  To  a  few  drops  of  stannous  chloride, 
add  caustic  alkali  until  the  white  precipitate  at  first  produced  dissolves 
clear.  Add  this  sodium  standi  tu  solution  to  the  cold  bismuth  solution; 
on  .shaking,  a  black  precipitate  immediately  appears.  The  following 
reactions  take  place  in  this  test: 

Sn+t"  -f  2  OH-  -*  Sn(OH), ; 

Sn(OH),  +  2  OH~  —  2  H.O  4-  SnO,"; 

3  SnOT  _  +  2  Bi+++  +  G  OH"  —  3  H,0  +  3  SnO,"  _  +  2  Bi. 

In  making  this  test,  a  too  concentrated  caustic  alkali  solution  should 
be  avoided  and  the  solution  must  be  kept  cold,  otherwise  the  staunite 
itself  may  give  a  black  precipitate  of  metallic  tin  (ef.  pp.  179,  267): 

2  SnOr  "  +  HiO  -» SnO,-  ~  +  2  0 II  ■  +  Sn. 

If  too  little  caustic  potash  is  used,  black  stannous  oxide  will  be 
thrown  down  in  the  cold,  after  long  standing;  quickly  on  boiling: 
SnOr  ~  +  H,0  —  2  OH"  +  SnO. 

9.  Potassium  Iodide  precipitates  black  bismuth  iodide, 

soluble  in  excess  of  the  reagent,  forming  a  yellow  or  orange  solution: 

By  diluting  this  last  solution  with  not  too  much  water,  the  black 
iodide  is  reprrcipitutcd,  which,  on  the  addition  of  more  water,  is 
changed  into  orange-colored  basic  iodide: 

[Bil*  +  H,0  =  2  HI  +  BiOI. 
10.    Metallic  Zinc  precipitates  metallic  bismuth: 
2  Bi^  +  3  Zn  -*  3  Zn++  4-  2  Bi. 
11.  Sulfuric  Acid  does  not  cause  precipitation  when  added  to  acid 
solutions  of  bismuth  salts.     When  the  solution  is  evaporated  until 
fumes  of  sulfuric  acid  are  evolved,  the  resulting  bismuth  acid  sulfate 
will  dteolva  in  wuter  giving  a  clear  solution  in  most  cases.     After  stand- 
ing a  long  time,  or  sooner  if  considerable  bismuth  is  present,  a  vfail 


•  V amino  and  Tkkluekt,  Ber.,  1888,  1113.     The  precipitate  oft4-n  contains  NO. 
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precipitate  of  bismuths  1  pyrosulfato,  (BKOAOi  *  8  HgOj  fornix  and 
this  is  BometazDeB  mistaken  for  lead  sulfate  in  the  analytical  procedure. 

12.  Ammonium  Thioacetate  causes  Ihfl  partial  preeipitatioD  of  bis- 
in\iiti  sulfide  in  the  odd  and  complete  precipitation  en  boiling: 

3CHjCOS   +  2iii"'  -f  3H»0-*3HC»HiOi  +  Bi«8i  +  aH+. 

Sodium  thiosulfate  added  to  a  bismuth  salt,  containing  not  too  much 
acid,  gives  at  first  a  yellow  coloration  and  finally  a  black  precipitate 
Of  sulfide: 

3  HsO  +  2  BI+++  +  3  S,OT  "  ->Bi2S,  +  G  H*  +-  SSQf  '. 

13.  Water  cause-;   hydrolysis  of  .ill   soluble   bismuth  salts  :iml   in- 

solubli'  basic  salts  are  precipitatwl.      This  is  particularly  true  uf  the 

chloride : 

Bi+++  +  CT  +  H,0  -♦  BiOCl  +  2  11'. 

The  precipitate  dissolves  readily  in  dilute,  mineral  acid  but,  unlike 
aniimoiiyl  chloride,  SbOCl,  it  is  no!  ^■••■"Uv,|  i>y  tarturic  acid.  The 
precipitation  of  hismuthyl  chloride  is  ;i  characteristic  reaction  of  bis- 
muth and  may  take  place,  to  souk   extent  at  least,  when  a  chloride 

or  even  hydrochloric  acid  is  added  to  u  solution  of  bismuth  nitrate. 

Reactions  in   the  Dry   W  ay 

Bismuth  salts  color  the  non-luminous-  flame  a  pale  greenish  white. 
Seated  with  soda  on  charcoal  before  the  blowpipe,  a  brittle  button 
of  the  metal  is  obtained,  surrounded  by  u  yellow  incrustation  of  bis- 

llllllll    IIM.I.   . 

On  heating  a  compound  of  bismuth  in  the  upper  reducing  flame 
(p.  68)  of  the  Bunsen  burner,  the  bismuth  is  reduced  to  metal,  which 
is  volatilised  and  burnt  to  oxide  in  the  upper  oxidizing  flame.  On 
holding  a  porcelain  evapora ting-dish  (glazed  on  the  outside  and  filled 
with  water)  just  above  the  oxidizing  flame,  a  barely  visible  deposit 
is  obtained,  which,  on  being  treated  with  hydriodic  acid,  is  changed 
to  scarlet  bismuth  hydriodic  acid: 

Bi,Oi  -f-  8  HI  =  8  HtO  4-  2  H[BiI(). 

The  livilrio<lie  acid  ia  most  easily  obtained  liy  niiH.ttetiiiiK  a  |  mccc  of  asbestos,  held  in 
the  loop  of  a  platinum  wire,  in  a  solution  of  aleoholie  iodine  solution  and  tb« 
ting  fin  i"  the  moht  asbestos.     By  hnMtng  flw  burning  umIk-hiob  uh<1<t  the  dish, 
waiURli  liyoiniilir  :.iii!  :-  ol  .1  :iiti<-ti  to  obSBgi  the  bUiiiuth  omiIc  mil  :  lie  red  compound. 

By  breathing  on  this  deposit,  the  color  disappears,  but  reappears 
as  soon  as  the  mi  has  evaporated.     On  exposure  to  fumes  of 

ammonia  (by  blowing  t  he  vapors  away  from  the  stopper  of  an  ammonia 
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>H>t tK'J  the  deposit,  is  colored  a  Ixuiutiful  orange,  owing  to  l  1h-  formation 
of  the  ammonium  salt  of  the  hiHmuth  hydriodie  acid, 

HlBiI,]  +  x\H,-»Nn,|Hil1]1 

which  also  becomes  Invisible  QO  being  I. readied  upon. 

By  moistening  this  coating  with  an  alkaline  solution  of  stannous 
chloride,  black  metallic  bismuth  is  deposited. 

COPPER,  Cu.     At.  Wt.  63.57 

8p.  Or.  =  0.84.     M.  Pt.  -  1060°  C. 

Occurrence.  —  Copper  occurs  as  native  copper,  Cu;  cuprite,  CujO; 
chalcocitc,  CujS;  chalcopyrite,  CuI'VS,;  malachite,  Cu»(OH)»CO,; 
nxurite,  Cu1(OII),(CO,)t  and  atnramite,  Cu,0(OH)Cl  •  HjO. 

Copper  is  a  light  red,  ductile  metal. 

The  proper  solvent  for  copper  is  nitric  acid: 

8  Cu  +  8  HNO,  ->3  Cu++  +  6  NOT  4-  4  H,0  4-  2  NO  f  . 

Bright  copper  is  not  dissolved  by  hydrochloric  acid  alone,  but  in 
the  presence  of  a  weak  oxidizing  agent,  e.g.,  ferric  ehloride,  the  solu- 
tion of  the  metal  is  easily  effected.     Hot  hydrobromie  acid  dissolves 
il  with  ("volution  of  hydrogen,  forming  cuprous  hydrobromie  acid: 
2  Cu  +  6  HBr  J=i  H4Cu,Br«]  +■  Hj  |  . 

At  the  beginning  of  this  reaction  the  solution  usually  turns  dark 
violet  on  account  of  the  formation  of  the  cupric  salt  of  cuprous  hvilm 
bromic  acid,  owing  to  the  copper  being  somewhat  oxidized  <>n  the  *ur- 
face.  In  this  case,  however,  the  solution  soon  becomes  colorless, 
owing  to  the  reduction  of  the  cupric  salt  by  metallic  oopper.  On  add- 
ing water  to  the  clear  solution  cuprous  bromide  is  precipitated 
|Cu!Br«]"-+Cu»BrI  4-  4  Br". 

Copper  is  not  attacked  by  dilute  sulfuric  acid,  but  it  dissolves  in 
hot  concentrated  sulfuric  acid,  forming  cupric  sulfate  with  evolution 
of  sulfur  dioxide : 

Cu  -I-  2  H2SO,  -.  diSC).  +  2H,0  +  SO,  T  . 

The  behavior  of  copper  toward  iipiiln  mil  he  iiii<lerstix><l  by  reference  to  the 
rlwtrwniitive  srrirs  i.p,  II).     An  copper  is  belnw  hydrogen  in  the   urn-    it  run  !«■ 

oxidized  by  hydrogen  ions  only  when  Um  UUtttWUllalfc I  BOpric  tOM  h  \a&  v.i  j 

low  (nf.  p.  43).  Hydrobromie  acid  dissolves  copper  beciQW  inflgtttij  (OTUSMJ  COttV 
pin  iv  fanned.  Sulfuric  acid  dissolves  copper  by  virtue  of  the  oxidiiinR  power  of 
t  he  hex* vnlent  sulfur. 

Copper  fonns  two  oxides:  red  cuprous  oxide,  Cu,(),  and  black 
CUprk  oxide,  Cut). 
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METALS 


Botli  i.yi.li a  an  banc  anhydrides,  forming  cuprous  ami  cupric  salts. 
Salts  of  the  cuprous  series  contain  the  bivalent  cuprous  group,  Cu,++, 
while  those  of  the  cupric  series  contain  the  ample,  bivalent  coppO) 

Copper  i*  idwi  known  m  i In'  involent  condition.*    If  a  nitric  acid  solution  of 
tcllurous  arid  Li  rvajxjratod  to  drytiow  with  a  little  copper  nitrate  mid  tin 
in  tnuititj  with  KOH  solution  (1  : 5)  it  diiwolvr*.     If  to  tin-  dbtf  wihitiuri  4  to  0 
gmn.  of  i  \  ]lt)3(SOt)i  tuv  added,  little  by  lit-1  !«•,  wlulV  the  lOlullQB  >*  at  thi-  fwnillfl 
i  th<    wiiii  r  bath,  it  booorae*  pink  nnd  the  tellurium  i*  prewent  for  tho  moot 
part  us  telluric  acid  but  to  some  extent  as  the  |M>tansiuin  salt  of  tclliiro-cupric  acid: 


K[0 
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A.      Cuprous  Compound* 

The  cuprous  compound*  are  extremely  unstable,  being  ondittd 
quickly  to  eupric  compounds.  The  la-st  known  cuprous  Baits  are 
Hum  with  the  halogens,  the  thiocyanate,  the  complex  cyanides,  the  very 
unstable  sulfate  and  the  sulfite.  Cuprous  salts  are  colorless,  insoluble 
in  water,  but  readily  soluble  in  concentrated  lutlogen  acids,  forming 
colorless  solutions.  Such  solutions  contain  the  unstable  cuprous 
halogen  acids,  probably  of  the  formula  H«[CujX«),  in  which  "X  "  is 
either  chlorine,  bromine,  or  iodine.  Salts  are  known  which  are  derived 
from  these  acids,  e.g.,  K^CujCU]. 

The  cuprous  hulogen  acids  are  darkened  by  contact  with  air.  The 
chloride  becomes  brownish  blabkj  the  bromide,  dark  violet;  probably 
due  to  the  formation  of  cupric  salts  of  the  cuprous  halogen  acids. 

The.  behavior  of  the  cuprous  halogen  acids  toward  carbon  monoxide 
is  very  important ;  the  latter  is  readily  absorbed,  forming  an  unstable 
compound: 

Cu,CU  +-  2  CO  +  2  H,0  t±  Cu,Cl,  •  2  CO  •  2  H,0. 

By  boiling  the  solution  the  compound  is  decomposed  into  cuprous 
chloride  and  carbon  monoxide;  cuprous  chloride  is  used  in  gas  analysis 
for  the  absorption  of  this  gas. 


Reactions  in  the   Wet   Way 

A  solution  of  cuprous  chloride  in  hydrochloric  acid  should  be  used, 
which  may  be  prepared  as  follows:  Dissolve  2  gms.  of  cupric  oxide 
in  25  cc.  of  6-normal  hydrochloric  acid,  pour  the  solution  into  a  flask 
and  add  1.6  gm.  of  copper  filing*.     Place  several  copper  Hpirals  in  the 

•  Cf.  Modem,  Z.  anorg.  Chem,,  64,  119  (1907),  and  Bmacneh  and  KOBM,  Ber., 
1907,  3362. 
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flask,  one  end  reaching  up  to  its  neck,  stopper  the  flask,  invert  it  and 
let  it  stand  several  days.  The  originally  dark  solution  will  gradually 
boooBM  ooloriast  and  i*  then  remh  <>>  in-  u^i-ii  f<ir  f  I  h- following  motions: 

1.  Potassium  Hydroxide  produces  in  the  cold  a  yellow  precipitate 
of  cuprous  hydroxide. 

Cu.+*  +  2  OH"  —  Cu5(OH),, 

which  loses  water  at  the  boiling  temperature,  changing  to  red  cuprous 
oxide : 

Cu.(OH),  =  H.0  +  Cu„0. 

2.  Hydrogen  Sulfide  precipitates  black  cuprous  sulfide, 

Cu,^  +  H.S  —  2  H+  +  Cu,S, 

soluble  in  warm  dilute  nitric  acid,  forming  blue  cupric  nitrate,  with 
separation  uf  sulfur: 

3Cu3S  +  lGHN0»-*8H,O  +  3S+6Cu++  +  12  NOT +4  NO]. 

3.  Potassium  Cyanide  precipitates  white  cuprous  cyanide, 

Cu,++  +  2  (CN)~  -» Cu,(CN),, 

soluble  in  excess,  forming  colorless  complex  cuprocyanidc  anions: 

Cn.(CN),  +  G  (OH)'  -»  (Cu,(CN),] — . 

This  solution  contains  no  appreciable  quantity  of  cuprous  ions,  and 
gives  no  precipitation  with  potassium  hydroxide  or  hydrogen  sulfide. 
.-stimated  that  in  a  normal  potassium  cyanide  solution  the  ratio  of 
the  concentration  of  the  complex  anion  to  that  of  simple  cuprous  ions 
is  about  102*  :  1.  This  fact  is  utilized  in  the  separation  of  copper 
from  cadmium. 

In  the  absence  of  an  excess  of  CN~  ions,  however,  an  appreciable 
ionization  takes  place:  [Cu.(('N)»l"- -»Cu,++  +  8  CN~,  and  thin 
ionization  increases  as  the  solution  is  diluted.  From  the  diluted  solu- 
tions the  compounds  K,[Cu,(CN)4],  K(Cu,(CN)»]  and  finally  Cu,(CN)a 
are  obtained,  which  are  of  less  complex  nature. 

All  of  these  compounds,  Bteo  in  the  solid  state,  are  decomposed  by 
hydrogen  sulfide  with  precipitation  of  black  cuprous  sulfide.  Con- 
sequently, in  order  to  prevent  the  precipitation  of  copper  by  hydrogen  sul- 
fide, considerable  potatmum  cyanide  must  be  added,  more  than  enough  to 
jorm  the  salt  K.[Cui(CN),]. 


B.     Cupric.   Compoundu 

Cupric  salts  are  either  blue  or  green  in  aqueous  solution;    in  the 
anhydrous  state  they  are  white  or  yellow. 
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The  chloride,  nitrate,  sulfate  and  acetate  arc  soluble  in  water;  most. 
of  the  remaining  salts  are  insoluble  in  wuter.  but  readily  soluble  in 

aot  I 

Reactions  in  the   ff'et   Way 

A  solut  ion  of  copper  sulfate  should  be  used. 

1 .  Potassium  Hydroxide  produces  in  the  cold  a  blue  precipitate  of 
cupric  hydroxide, 

CU++  +  2  0H-  -*Cu(OH)5, 

which  on  boiling  becomes  changed  into  brownish-black  cupric  oxide. 

I  'uii)II)j  iw  slightly  amphoteric  in  nature  and  dissolve*  in  very  concentrated 
KOI  I  or  NaOlI,  particularly  on  wanning,  with  a  blue  color.     (Cf.  p.  189.) 

In  the  presence  of  tartnric  acid,  citric  acid,  imd  inimy  other  organic  hydroxy- 
rompoundh,  ouptie  hydroxide  is  not  precipitated  hy  the  addition  of  caustic  alkali, 
but  the  solution  is  colored  an  intense  blue.  If  this  alkaline  aolutiou  ia  treat™!  with 
d-glupc*e,  aldehydes,  arwniouH  acid  or  various  other  sulwtancra  having  a  reducing 
power,  yelli  >w  cuprous  hydroxide  i-  precipitated  from  (lie  warm  solution  which  ix 
changed  to  red  i-uproiw  ovule  on  boiling.  An  alkaline  solution  of  cupric  salt  con- 
taininii  tart  uric  acid  is  commonly  used  tinder  the  niime  of  l'Vhling's  solution.  It 
may  l>e  pnpeied  by  mixing  together  ei|uul  volumes  of  a  solution  containing  34.64 
gnw.  of  crystallized  copper  sulfate  in  ;ifJ0  re.  of  water  with  n  solution  consisting  of 
173  gnw.  HoilnH.-  sal)  aid  (3  gna.  N'.aOll  in  BOO  ..'.  of  water.  It  is  beat  to  keep 
the  solutions  separate  until  they  are  to  be  used.  Frilling'*  solution  is  a  reagent  for 
many  kinds  of  sugar,  aldehyde*,  hydrnv .  I amine  etc 

2.  Ammonia.  -On  adding  ammonia  cautiously  to  the  solution  of 
a  cupric  salt,  a  groan,  powdery  precipitate  of  :i  hanie  sail  is  obtained, 
which  is  ext  remely  soluble  in  an  excess  of  the  reagent,  forming  an  azure- 
blue  .solution: 

(a)  2CuSO,  -f  2NH<OH  =  (NH»)iS(),  +  CujfOH^SO,. 
(b)  Cu.(OH),SO<  +  (KHJiSQi  +  6  NH.  =  2  ([Cu(NH,),]SO«  •  H,0). 

I  >n  milling  alcohol  to  the  eODs •■■titrated  blue  solution,  the  .ibuvc 
compound  i-  precipitated  as  a  tilm-violet  crystalline  substance,  which 

gradually  loses  ammonia  on  being  beated,  leasing  behind  the  cupric 

salt.  On  conducting  ammonia  gas  over  an  anhydrous  copper  salt, 
the  ammonia  is  eagerly  absorbed,  with  the  formation  of  a  complex 
cupric  ammonia  aall    CuQi  +  o  NHj  =  [Cu(NHi)«)Cl,. 

These  oomponnda  (which  contain  as  a  maximum  6  NH»  to  one  atom 
of  copper)  are  perfectly  analogous:  bO  the  corresponding  compounds  of 
nickel,  cobalt,  and  zinc  By  the  precipitation  of  the  ammoniacal 
solution  with  alcohol,  the  compound  with  4  Nil*  to  one  atom  of 
copper  is  always  obtained. 
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The  ionization  of  the  complex  cation, 

lCu<NHj)4|++^  Cu**  +  4  NHi  t , 

is  slight  in  the  presence  of  exOdM  ammonia,  but  much  more  than  that 
of  the  cuprocyauide  ion  <p.  229). 

Ammonium  salts  U:ud  to  prevent  the  precipitation  of  the  basic  cuprie  Halt  be- 
cause of  the  mimmon  ion  effect  upon  the  ionization  of  ammonium  hydroxide,  so 
that  in  adding  ammonia  to  an  acid  solution  of  oupric  salt  often  no  prccipit. 
obtained.     The  blue  color  is  per<-eptihle  even  :i(   ronsidcrahle  dilution  :iiul   is  cifl.cn 

i.iii:i    .    I>.i.-i    ..f  the  quantity  of  copiRT  prewnt;    tin ppcr  content   ix  determined 

by  the  volume  of  standard  potassium  cyanide  nnlutinn  required  Ui  decolorise  the 
solution.  Nickelous  solutions  give  a  less  intense  lilne  color  with  ammonia  mid  m 
case  of  doubt  whether  any  copper  is  present  in  solution,  the  potnssim.    f.-i  r.n-ynuide 

ii  i  daeWv*. 

Alkali  hydroxide  added  to  the  Mm-,  ammoniac*)  copper  solution  givm  n  dark 
blfH  i'(  BUpru  hydroxide  after  nuiic  time.  On  boiling,  all  the  copper  ran  lie  precipi- 
tated a*  brownish  black  cupric  oxide,  CuO.  A  very  dilute  copper  solution  giVM 
no  noticeable  blue  color  with  ammonia;  shaking  \wtli  a  few  drops  of  phenol  causes 
the  blue  color  to  appear  on  standing. 

3.  Hydrogen  Sulfide  precipitates  from  neutral  or  very  slightly 
acid  solution*,  black  cupric  sulfide  (possibly  mixed  with  cuprous  sul- 
fide, CujS),  which  has  a  tendency  to  form  a  colloidal  solution  (p.  68) 
and  run  through  the  filter: 

Cu++  +  H,S  — 2H>  +  CuS. 

To  prevent  the  formation  of  a  colloidal  solution,  the  solution  must  contain  some 
electrolyte;  the  hydrochloric  acid  pn--cnt  vheo  the  ptecipitatinti  is  made  is  usually 
sufficient.  Another  difficulty  frequently  encountered  is  due  «o  the  rendinc**  with 
irbiob  I  P**1  "f  'he  cupric  sulfide  precipitate  is  oxidized  to  imlfntr  by  contact  with 
the  air.  Thus  if  a  filter  containing  copper  sulfide  k  allowed  to  stand  in  the  air.  a 
little  cupric  sulfate  is  formed  which  i.i  -tollable  in  water.  Many  eases  where  the 
ciipnc  solfida  apparently  rasa  ItHQUtf]  the  fits  are  rxpltunrd  in  this  way.  In 
•  ill i  ring  n  copper  sulfide  precipitate  the  rule  should  he  never  to  let  the  lilt,  r  druti 
completely  until  tlic  filtration  and  washing  is  over,  and  the  washing  should  l»e  with 
dilute  hydrogen  sulfide  water,  winch  HW  In  prevent  any  oxidation. 

Copper  sulfide  is  soluble  in  hot  dilute  nitric  acid,  but  insolulrie 
in  boiling  dilute  sulfuric  :icid  (difference  from  cadmium):  it  is  soluble 
in  potassium  cyanide,  forming  potassium  cuprous  cyanide  From  a 
solution  of  the  hitter  s.tlf  the  copper  canrmf  !*•  precipitated  by  hydrogen 

sulfide 

Copper  sulfide  is  appreciably  soluble  in  ammonium  sulfide,  but  is 
insoluble  in  potussium  or  sodium  sulfide*  (difference  from  mercury). 

•  In  solutions  of  alkali  | k jlynuliidtM,  particularly  nut  of  contact  with  the  air, 
eupric  sulfide  dissolv.  -  appreciably  with  the  formation  of  >-t >nt|x .nn.i  of  the  lyjie 
MI,|f'nS,|  ..ml  K  OuSJ  CI  BOfMAMM  and  Hocutlbn,  Bet.,  M,  3900  (1903),  and 
Buvraand  Hermb.  ibid.,  40,  974  (1 907). 
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A.  Potassium  Cyanide  produces,  at  first,  yellow  cupric  cyanide, 
which  immediately  loses  dicyanogen,  forming  white  cuprous  cyanide. 
Hw  latter,  an  we  have  already  seen,  forms  soluble  potassium  cuprous 
cyanide  with  more  potassium  cyanide; 

2  Cu++  +  4  CN~  -» 2  Cu(CN), ; 
2Cu(.CN)2  —  (CN),  |  +  Cu,(CN)i; 
Cu,(CN),  +  6  (CN)-  —  [Cu,(CN),J---. 

On  adding  sufficient  potassium  cyanide  to  the  blue  ammoniacal 
cupric  solution,  the  complex  compound  will  be  decolorized,  forming 
potassium  cuprocyanide,  and  the  reduction  of  the  cupric  salt  to  cuprous 
condition  in  ammoniacal  solution  is  accomplished  ut  tin:  expense  of 
cyanide  ions  which  are  oxidized  to  cyanate : 

2[Cu(NH,)4J++  +  9(CN)- 

+  2  OH"  v±  [Cu,(CN,)l-  -  -  +  (CNO)-  +  8  NH,  +  HA 

The  ratio  of  simple  Cu+  ions  to  complex  (Cui(CN)B) ions  has  been 

estimated  to  be  as  1  :  10"  in  a  normal  solution  of  potassium  cyanide. 

Hydrogen  sulfide  will  not  precipitate  cupric  sulfide  from  the  color- 
less solution  of  potassium  cuprocyanide  provided  sufficient  potassium 
cyanide    is    present    (difference  from   en  Sometimes,  when 

considerable  copper  will  is  present,  the  introduction  of  1I.S  causes 
the  formation  of  a  red  crystalline  precipitate  of  hydrorubianic  acid, 
(CSNHS),.     Cf.  p.  336. 

5.  Potassium  Thiocyanate,  KCNS,  precipitates  black  cupric  thio- 
cyanate, 

Cu++  +  2  (CNS)"  -*  Cu(CNS),, 

which  is  gradually  changed  into  white  cuprous  thiocyanate,  or  imme- 
diately on  adding  sulfuroua  acid: 

2  CufCNS),  +  SOT"+  H,0  —  2  CNS"  +  80,""+  2  H+  +  Cu,(CNS),. 

Cuprous  thiocyanate  is  insoluble  in  water,  dilute  hydrochloric  ml.  I, 
and  sulfuric  acid. 

6.  Alkali  Xanthates  produce  in  solutions  of  cupric  salts,  ut  first, 
a  brownish-black  precipitate  of  cupric  xanthate,  which  splits  off  dixari- 
thogen,  forming  finally  yellow  cuprous  xanthate: 

S  S 

II  II 

2  NaS  •  COCH,  +  Cu^  -#  2  Na+  +  Cu(S  •  COC.H4)i. 

Sodium  unthxtr 

S  S  S 

H  "  I' 

2Cu(S  ■  C  •  OCiHi)!  -»  CuifSCOCiHi)i  +  (SCO&H,),. 

Coprou»  unthalo  DiunlliaMi 
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The  reagent,  sodium  xanthate,  is  readily  obtained  by  mixing  carbon 

disulfide  with  sodium  alcoholate : 

S 
II 
CS,  +  NaOCH,  -»  NaS  •  C  •  OC3H6. 

The  alkali  xant  halts  are  not  used  as  reagents  in  testing;  far  copper,  but  cupric 
*alts  are  t««l  in  testing  for  xanthnU*.  The  renction  i*  used  (or  the  delation  of 
OubflD  disulfide  in  p,aa  mixtures;  the  riw.s  are  nllriwrd  to  ul  ii|h.h  .--->■•  i i t i i i ■  ulro- 
Imhite.  whereby  KiHliiitii  ximtlmte  w  formed  if  rnrhon  rlixti If i«ir*  i.«  princut,  mid  the 
solution  after  ncutralizinR  with  acetic  acid  is  tested  for  xanthatc  by  means  of  a 
solution  of  cupric  salt. 

7.  Potassium  Ferrocyanide,  Kt[Fe(CN)«],  produces  in  neutral  and 
acid  solutions  an  amorphous  precipitate  of  reddish-brown  cupric  ferro- 
cvanidc, 

2Cu++  +  (Fe(CN),]---»Cu,[Fe(CN)9l, 

insoluble  in  dilute  acids,  but  soluble  in  ammonia  with  a  blue  color 
(difference  from  molybdenum  ferrocyanide  which  dissolves  in  ammonia, 
forming  a  yellow  solution).  It  is  also  decomposed  by  potassium 
hydroxide:  in  the  c«>M.  Ught-fctafl  cupric  oxide  and  potassium  farjO- 
cyanide  are  formed,  while,  on  warming,  black  cupric  oxide  is  obtained 
(difference  from  uranium,  which  yields  the  yellow  uranate  both  with 
ammonia  and  sodium  or  potassium  hydroxide). 

8.  Ammonium  Thioacetate  completely  precipitates  copper  sulfide 
from  hot  solutions,  even  in  the  presence  of  acid : 

CHjOS'  +  Cu++  +  H,0  -» CuS  +  HCH,0,  4-  H+. 

Sodium  Thiosulfate  decolorizes  a  neutral  or  acid  solution  of  a  copper 
salt  and,  on  boiling  the  acid  solution,  a  reddish  brown  precipitate  is 
formed  which  eventually  becomes  black  cuprous  sulfide: 

20r+  +2SiO,— +  211,0  —  Cu,S  +  iH++  2S04""  +S. 

9.  Acetylene  gas  introduce. I  into  an  ammoniacal  alkali  tartrate 
solution,  in  which  the  copper  has  been  reduced  to  the  cuprous  condi- 
tion by  livdmxyl.'iiiiine,  (jive*  a  reddish-brown,  lloci-ulcnt  precipitate 
of  cuprous  acetylide,  C-Cu;  •  H,0.  By  this  means  copper  ions  can 
be  separated  from  many  other  cations. 

10.  Potassium  Iodide  precipitates  pale-pink  cuprous  iodide  but, 
owing  to  the  color  of  the  liberated  iodine,  the  precipitate  appears 
green  to  reddish  yellow. 

2  CU++  +  4  P  -» Cujl»  +  I». 

In  the  presence  of  a  reducing  agent,  no  free  iodine  is  obtained.  In 
quantitative  analysis  the  copper  content  is  determined  by  measuring 
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the  volume  of  sodium  thioRulfnte  solution  required  to  react  with  tl 
iodine: 

I»  +  2  SjOT  "  —  SiOo"  "  4-  2  I" . 

Potassium  iodide  added  to  a  dilute  solution  of  a  cupric  salt  gives  a 
yellow  coloration  dne  to  the  liberated  iodine 

11.  Potassium  Bromide  solution  mixed  with  concentrated  sulfuric 
add  and,  when  cold,  coveted  with  a  little  copper  salt  solution  gives  a 
beautiful  bluish  n.-d  color  at  the  zone  of  contact  of  the  two  solutions. 
i  in  shaking,  the  whole  solution  becomes  red.  According  to  Sabatier. 
the  coloration  is  mused  l»y  the  formation  of  ('iiIirS'  HBr«2  HiO. 

When  tOBOdinbla  copper  is  present,  a  Midi  precipitate  of  copper  bromide  is 
obtained.  Dilution  with  water  causes  the  color  to  disappear.  Stannous  ions  pre- 
vent the  reaction  by  reduction  of  the  cupric  ions.  If  sulfur  dioxide  is  added  to  the 
dark  bluish  red  solution,  a  white  precipitate  of  cuprous  bromide  is  obtained, 

12.  Cupferron  added  to  an  acid  solution  of  a  cupric  salt,  precipitate's 
the  cop|M-r  suit  of  plicnyl-nitroso-hydroxylamine. 

2  |C\.ll,-,(  NO)NO]-  +  Cu++  —  CulCHjCNOJNOb, 

which  dintolvee  in  ammonia  giving  a  bjuc  solution. 

13.  Iron  added  to  a  solution  of  a  copper  salt  precipitates  red, 
metallic  copper: 

Cu-"-  +  Fe  —  Fe-^  +  Cu. 

Other  metals,  such  as  zinc,  aluminium,  etc.,  which  are  above  copper 

io  the  voltage  asriee  will  give  aaJroilaT  raaotkn. 

The  OOpptf  may  be  di^jtositf-d  upon  platinum,  and  llm.  ■■■. mil  mure  easily,  by 

i)t-irin  a  strip  "f  pkthwm  Coil  bl  DOntaot  with  line,  tin,  aluminium,  etc.  In  thin  cam- 
an  elprlrir  oouplc  il  formed  and  flic  platinum  acta  as  cathode  while  thrmhrr  metal, 
a-i  anode,  dissolves. 

14.  Alkali  Carbonates  give  a  greenish-blue  precipitate  of  basic  eur- 
bonati-:  mi  standing  with  an  excess  of  the  reagent  the  precipitation  is 
nearly  complete  and  n  crystalline  salt,  3CuC0r3Cu(GH)i'HtO,  ,s 
formed.  This  precipitate  dissolves  in  ammonia  with  a  blue  color  and 
in  potassium  >yanide  solution  to  form  a  colorless  solution, 

Ammonium  salts  and  certain  organic  sulwtimces  form  complex 
anions  with  copper  and  prevent  this  reaction. 

Reactions  in   the  Dry  Way 

The  borax,  or  salt  of  phosphorus,  head  is  green  in  the  oxidizing 
flame  when  strongly  saturated  with  the  Copper  salt;  blue  if  i-ontaining 
only  ■  small  amount.  The  reducing  (lame  decolorizes  the  bead  unless 
too  much  copper  is  present;    in  such  a  case  it  is  reddish  brown  and 
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opaque,  owing  to  the  separation  of  copper.  Traces  of  copper  may  be 
determined  with  certainty  jis  follows:  To  the  slightly  bluish  bead  pro- 
duced by  the  oxidizing  flame,  add  a  trace  of  tin  or  of  a  tin  compound. 
Heat  the  bead  in  the  oxidizing  flame  until  the  tin  has  completely  dis- 
solved, then  bring  it  slowly  into  the  reducing  flame  and  finally  quickly 
remove  it.  The  bead  now  appears  colorless  when  hot,  but  ruby-rod 
and  transparent  when  cold.  If,  however,  the  bead  is  kept  too  long  in 
the  reducing  flame,  ii  remains  colorless;  but  the  ruby-red  color  may  be 
produced  by  cautious  oxidation.  This  reaction  is  very  sensitive,  and 
can  also  be  used  for  the  detection  of  tin. 

Heated    wild   ehareoal    before   the  blowpipe  (or  bet  t.er  .st  ill    uilli   the 

charcoal  stick),  spongy  metal  is  obtained. 

<  upper  salts  color  the  flame  blue  or  green.  Moistening  with  hydro- 
chloric acid  increases  the  sensitiveness  of  this  test. 

Cadmium,  Cd.    At.  Wt.  112.40 

SP.  Or.  -  S.6.     M.  Pt.  -  321°.     H.  It.  =  770*C. 

Occurrence.  —  Cadmium  is  usually  associated  with  zi in-  in  its  on-s. 
It  ifl  also  found  as  greenockite,  CdS,  hexagonal;  and  as  the  oxide, 
CdO,*  isometric. 

The  most  important  cinnmercial  salt  is  the  sulfate,  3CdSOi  •  8H»0. 
It  is  not  easily  rccryst alii  red.  To  purify  the  salt,  the  concentrated 
aqueous  solution  is  treated  with  alcohol,  and  the  crystals  that  are 
deposited  thereby  are  filtered,  washed  with  alcohol  and  dried  upon 
blotting  paper. 

Cadmium  is  a  silver-white,  ductile  metal.  Heated  in  the  air,  it 
changes  to  brown  cadmium  oxide.  The  proper  solvent  for  cadmium 
is  nitric  acid.  Dilute  hydrochloric  and  sulfuric  acids  dissolve  it  but 
slowly,  with  evolution  <>f  hydrogen.  Cadmium  forms  two  oxides: 
black  cadmium  suboxide,  CdaO,  and  light  or  dark-brown  cadmium 
oxide,  CdO. 

Cadmium  suboxide  'whose  existence  is  doubted)  js  formed  with 
Cadmium  oxide  in  small  amounts  when  the  metal  is  burned  in  the  air. 
It  is  also  said  to  l>e  formed,  like  lead  suboxide,  by  gently  beating  the 
oxalate  away  from  air.  There  arc  no  cadmium  salts  derived  from 
this  oxide.  Cadmium  forms  only  one  series  of  salts,  in  which  cadmium 
is  bivalent. 

Cadmium  salts  are  mostly  colorless,  though  the  sulfide  iB  yellow  or 
orange.     Musi  .  >f  the  salts  are  insoluble  in  water,  but  readily  soluble 

•  With  smithsouite  in  the  »ine  dcpottiUt  of  Mvntc  I'oai,  Sardinia,  Chem.  Ztg., 
1901,  361. 
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in  mineral  acids.     The  chloride,  nitrate    and  sulfute  arc  soluble  in 
water. 

Reactions  in  the  Wet  Way 

1.  Potassium  Hydroxide  precipitates  white,  amorphous  cadmium 

hydroxide,  insoluble  in  an  excess  of  the  reagent  (difference  from  zinc 

and  lead) : 

Cd++  +  2  0rT  —  Cd(OH),. 

On  gently  igniting  the  hydroxide  the  brown  oxide  is  obtained, 
trtrioh  becomes  darker  on  stronger  ignition.  The  ignition  of  cadmium 
nitrate  yields  the  black  crystalline  oxide. 

2.  Ammonia  also  precipitates  the  white  hydroxide,  soluble  in  excess 
(difference  from  lead),  forming  complex  cadmium  ammonia  com- 
pounds, as  with  zinc,  nickel,  etc. 

Cd(OH)a  -I-  4  NH3  -  [L'dtNH,),)**  +  2  (OH)_. 

In  the  presence  of  normal  ammonium  hydroxide  the  ratio  of  the 
concentration  of  the  complex  anion  to  that  of  the  simple  cadmium 
cation  is  about  10r  :  1.  In  pure  water,  the  ionization  takes  place  to 
i  much  greater  extent;  by  diluting  with  water  and  boiling,  cadmium 
hydroxide  is  rcprccipitated  from  the  solution  of  the  cadmium  ammo- 
nium compound. 

3.  Alkali  and  Ammonium  Carbonates  precipitate  the  whirr  Im  n 
carbonate  insoluble  in  excess. 

Ammonium  salts  tend  to  prevent  the  precipitation  but,  00  boiling, 
ammonia  gas  is  evolved  and  the  precipitation  ia  complete.  The  precip- 
itate dissolves  in  potassium  cyanide  solution. 

4.  Potassium  Cyanide  precipitates  white,  amorphous  cadmium 
cyanide,  readily  soluble  in  excess: 

(\I++  +  2(CNr-Cd(CN)1, 
Cd(CN),  +2(CN)--.|('d(CN),]— . 

.  From  the  solution  of  cadmium  potassium  cyanide  the  above-men- 
tioned reagents  produce  do  precipitation.  In  a  normal  solution  of 
potassium  cyanide  the  concentration  of  the  complex  anion  to  that  of 
the  simple  cadmium  cation  is  10"  :  1.  This  is  evidently  a  much 
weaker  complex  than  the  cuprocy.Miiidc  UUOB  and  for  ihi*  reason  cad- 
mium sulfide,  though  its  solubility  product  ia  much  larger  than  that  of 
cupric  sulfide,  is  precipitated  by  hydrogen  sulfide  (difference  from 
copper) : 

lCd(CN).]-  -  +  H*S-»2  Car  +  2  HON  +  CdS. 

5.  Hydrogen  Sulfide  prodneea  pneipiiatee  varying  in  color  from 
a  canary-yellow,  orange  to  almost  brown,  according  to  the  conditions. 
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In  neutral  solution,  whether  hot  or  cold,  light-yellow  cadmium  sulfide 
is  obtained  in  a  condition  hard  to  filter.  From  acid  solutions  (con- 
taining in  100  cc.  from  2  to  10  ce.  of  cone.  H»S04,  or  from  2  to  5  cc. 
of  cone.  HC1)  yellow  precipitates  whirh  turn  orange  in  color  are  at 
once  thrown  down  and  are  easy  to  filter*.  The  latter  precipitates  are 
not  pure  CdS,  but  always  contain  more  or  less  Cd,CljS  or  Cda(SOi)S. 
For  this  reason  cadmium  should  not  Ik;  determined  quantitatively  as 
the  sulfide. 

Cadmium  sulfide  is  insoluble  in  alkaline  sulfides  (difference  from 
arsenic),  but  is  soluble  in  considerable  hydrochloric  acid,  warm  dilute 
nitric  acid,  and  hot  dilute  sulfuric  acid  (difference  from  copper).  It 
is  also  insoluble  in  potassium  cyanide  solution  (difference  from  copper). 

fi.  Ammonium  Sulfide  produces  a  yellow  precipitate  of  cadmium 
sulfide,  which  has  a  tendency  to  form  colloidal  solutions  and  pass 
through  (b<-  filter.  The  presence  of  a  concentrated  salt  solution  pre- 
vents this  (cf.  p.  231), 

7.  Potassium  Ferrocyanide  gives  a  white  precipitate.     (Cf.  zinc.) 

8.  Ammonium  Perchlorate  gives  a  crystalline  precipitate  of  cad- 
mium perchlorate,  Cd(C10t)i.     (Difference  from  copper.) 

9.  Potassium  Thiocyanate  has  no  effect  upon  cadmium  solutions. 
(Difference  from  copper.) 

10.  Metals,  like  iron,  tin,  zinc,  etc.,  do  not  precipitate  cadmium 
from  acid  solutions.     (Difference  from  copper.) 

Reactions  in  the  Dry  Way 

Cadmium  compounds,  heated  on  charcoal  with  soda,  give  a  brown 
incrustation  of  cadmium  oxide. 

If  a  compound  of  cadmium  oxide  is  reduced  in  the  upper  reducing 
flame  of  the  Bunsen  burner,  the  cadmium  oxide  is  changed  to  metal, 
which  volatilizes,  and,  in  the  upper  oxidizing  flame,  goes  back  to  oxide, 
which  will  Im>  deposited  as  a  brmvn  coating  if  a  glazed  porcelain  dish 
filled  with  water  is  held  just  above  the  flame.  This  oxide  always  con- 
tains some  suboxide  mixed  with  it,  and  has  the  property  of  reducing 
Silver  oxide  to  metal;  so  that  if  the  coating  of  oxide  is  moistened  with 
silver  nitrate  solution  a  black  deposit  of  metallic  silver  will  be  obtained: 

Cd,0  +  2  Ag+  -►  Cd~  -f  CdO  -f-  2  Ag. 

This  reaction  is  very  sensitive. 

If  it  ii  denied  to  test  the  precipitate  produced  by  hydrogen  sulfide 
for  cadmium  in  this  way,  first  roast  the  sample  in  the  oxidizing  flame 
and  then  treat  it  as  just  described. 
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ARSENIC.  As.     At.  Wt.  74.96 
sP.  Or.  -  fi.7:i 

Occurrence.  —  Arsenic  is  widely  'listributcd  in  nature,  being  found 
in  -mall  amounts  in  almost  all  sulfides,  as,  fur  example,  sphalerite  and 
pyrites:  therefore  almost  all  the  zinc  and  sulfuric  aeid  of  comment: 
contain  arsenic 

Arsenic  occurs  native  in  kidney-shaped  masses;  also  m  the  form  of 
its  dimorphous  oxide,  AsjOi,  as  isometric  arsenolite  and  orthorhombie 
claudctitc 

Mimetite,  Pb6(AsO,)iCl,  hexagonal,  isomorphous  with  apatite, 
pyromorphite,  and  vanadinito,  is  a  well -known  mineral  containing 
arsenic  oxide. 

The  most  important  sources  of  arsenic  are  the  sulfides,  arsenides, 
and  sulfo  salts:  realgar,  As>Sj,  monoelinic;  orpiment,  AsjSj,  mono- 
clinic  ;  arsenopyrilc.  FeAsri,  orthorhombie;  niccolite,  NiAs,  hexago- 
nal; lolliugite,  FeAs,,  orthorhombie ;  smaltitc,  (Co,Ni,Fe,)Asj,  iso- 
metric;  and  proustite,  As(SAg)»,   rhombohedral. 

Metallic  arsenic  is  a  sU-el-gray,  brittle  substance.  On  being  heated 
it  sublimes,  giving  off  a  characteristic  garlic  odor.  The  merest  truce 
of  arsenic  may  bfi  recognized  by  this  odor,  which  is  said  to  be  due  to 
the  format  inn  of  a  yellow,  allotropie.  form  of  arsenic  The  vapors  are 
poisonous.  The  stable  molecule  of  arsenic  contains,  like  phosphorus 
four  atoms,  (As,). 

Arsenic  is  insoluble  in  hydrochloric  acid,  but  readily  soluble  in 
nitric  acid  and  in  aqua  regta. 

Dilute  nitric  acid  dissolves  arsenic,  forming  arsenious  acid: 

As,  +  4  HNO,  -,   4  H,0  =  4  H|A*0,  4-  4  NO  |  . 

Concentrated  nitric  acid  and  aqua   regia  dissolve  it,  forming  arsenic 
acid: 

3  As,  +  20  HNO,  +  8  H.0  =  12  H.AsO.  +  21)  NO  T  • 

Sodium  hypochlorite  solution  also  dissolves  arsenic: 

10  NaCIO  +  As,  +  8  H,0  -  4  H,AsO,  +  10  NaCI. 

Arsenic  betongB  to  the  same  natural  group  of  elements  as  nitrogen 
ani  I  phosphorus,  and  forms  two  oxides,  AfijOi  and  AsjOs. 

In  rmlity  the  symbol  of  the  lower  oxidr  in  A*A,  but  it  in  customary  to  use  the 
simpler  symbol,  AsiO,. 

A.     Armrntmia  Compound* 

Arsenic  trioxiilc  i<  formed  by  the  combustion  of  arsenic  in  the  tit 
as  white,  KlisteniiiL- eiysiil-  :.!  i  riahedrniis.     If  the  vapors  of 
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t hi-  trioxide  are  : ill< > w <•« I  iDnml  -Ii>\\.I\  .  I  hey  solidify  I  o  an  amorphous 

glass  (arsenic  glass),  which  gradually  beeomsB  crystalline  (white  and 
opaque,  like  porcelain). 
Arsenic  trioxide  is  known  in  three  different  modifications:  isomotric 

arsenic   trioxide    (white   nrserne);     monoelinie   arsenic    trioxide.    and 

amorphous,  glassy  arsenic  trioxide. 

The  monoclinic  modification  is  difficultly  soluble  in  water  (80  00.  of 
cold  water  dissolve  1  gm,  AstO.il;  while  the  amorphous,  glassy  modifi- 
cation is  mueh  more  SOhlble  (25  SO.  of  OOld  water  dissolve  1  gin.  arsenic 
trioxide).     By  treatment  of  the  ordinary  modification  (white  arsenic) 

with  water,  it   is  DOl   readily  wet  l>y  the  latter:    il   floats  like.  Hour,  and 

tins  behavior  is  very  characteristic. 

The  trioxide  dissolves  quite  readily  in  hydrochloric  acid,  particularly 

on  warming,  from  which  solution  it  often  separatee  out,  on  cooling,  In 
a  beautiful,  crystalline,  anhydrous  condition. 

Acting  as  an  add  anhydride  it  dissolve*  readily  in  alkalies,  forming 
easily  soluble  arsenitea: 

As:0,  +  6  OH"  —  3  H,0  +  2  AsO,"  ~"j 
AsjO,  -f-  3  CO,"  "  —  3  ('<  >s  t   +2  AeOi . 

I  Ik  tn-mctnl  arsenites  derived  from  the  ortho  add  H.AsO,  are  usually  iiu.-taldc 
Silver  uwcrute.  .VgjAsOi,  is  tli«-  only  Wfl-tnffgB  nil  "f  tins  typo.  Tin-  nlkoli  nrse- 
nitos  arc  derived  from  lliflfai— Ilium  Mid,  1 1  -Vm(  >-,  from  i>yro<ir*cniouit  acid,  fhAsiOt 
or  from  3  petyamaioOJ  acid  mirh  :**  H.As.n,  The  only  Milium  and  |Hitaiwium  aalta 
known  in.  of  tin'  (\|m  ■  Is  '.  i  i.  :ukI  K3II,.\*»0,;  of  amiuiiiiiiiin,  i  \II,i,.\m/i.  In 
alkaline  solution,  however,  we  may  swume  that  AsO»        ions  are  present. 

Free  arsenious  acid,  HjAsOj,  has  never  been  isolated;  as  a  very 
weak  acid  it  breaks  down,  like  oarbonio  acid,  into  water  and  the  anhy- 
dride. 

Arsenic  combines  with  chlorine  directly,  like  phosphorus,  forming  the 
chloride.  AsCI,,  which  Indiaves  exactly  like  (he  chloride  <>f  arsenious 
acid,  similar  to  POh.  It  is  a  colorless  liquid,  boiling  at  134°  ("'.,  and 
is  decomposed  quantitatively,  like  all  acid  chlorides,  with  water: 

AaCli  +  :i  &0t*S  I  Id  +  lhAsOj. 

The  aqueous  solution  of  arsenic  trichloride  and  the  solution  of  tin 
trioxide  in  dilute  hydrochloric  acid,  contain  the  arsenic  as  arsenious 
ncid.  As  the  eonecnt ration  of  the  hydrochloric  arid  increases,  the 
amount  of  arsenic  trichloride  increases,  until  in  very  concentrated 
hydrochloric  acid  the  arsenic  is  proaOPt  almost  entirely  SI  trichlo- 
ride. By  boiling  a  solution  of  arsenic  trichloride  in  hydrochloric 
acid,  Weenie  trichloride  is  driven  off  as  a  gaa.  If  hydrochloric  acid 
is  conducted  into  fhe  solution  at  the  same  time  (so  that  the  conceit- 
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tMiiMI  of  the  hydrochloric  arid  is  kept  as  large  as  possible),  all  t.\«- 
arsenic  can  be  volatilized  fium  tin-  solution  as  arsenious  chloride.  On 
evaporating  a  hydrochloric  acid  solution  of  arsenious  acid,  areenious 
oMoride  OQBftanlly  escapes,  so  that  all  the  arsenic  may  be  volftl  il  ,-.< d 
I  f ,  Ik.wi'vci  the  arsenic  is  present  in  the  form  of  arsenic  acid,  no  arsenic 
i.*  lost  during  the  evaporation  of  the  solution. 

Reactions  of  Arsenious  Acid  in   the  Wet   Way 

The  arsenites  of  the  alkalies  are  soluble  in  water;  the  remaining 
arsenites  are  insoluble  in  water,  but  soluble  in  acids. 

1.  Hydrogen  Sulfide  precipitate!  from  acid  solution)  yellow,  rloccu- 
lent  :ii-si'iitc  trisulfide: 

2  As(OII),  4-  3  H,S  =  6  11,0  4-  As,S,, 

2  AaCU  +  3  H,S  =  8  H(  'I  +  As,S,. 

Arsenious  sulfide  is  insoluble  in  acids;  even  boiling  0-norinal  hydro- 
chloric acid  does  not  dissolve  it,  but  by  long  boiling  with  12-normal 
hydrochloric  add  it  is  slowly  changed  to  volatile  AsCI,  and  HaS. 
Concentrated  nitric  acid  oxidizes  it  to  arsenic  acid  and  sulfuric  acid: 
3  AsjS*  +  28  HNOj  +  4  HtO  =  9  H,SO,  +  28  NO  f  +  6  H,AsO,. 

The  sulfide  dissolves  more  readUy  in  ammoniaral  hydrogen  peroxide: 
As,S,  4-  14  11,0,  4-  12  <  )II    -*  20  H.O  4-  3  SOT"  4-  2  AjO*"  "  ~ 

It  is  also  dissolved  by  alkalies,  ammonium  carbonate,  and  alkali 
sulfin 

AsaS,  4-  60H"-»3  H,0  4-  AaO,~" 4-AaST~"; 

AsJS,4-3COr_  — 3CO.T  4- AsO 4-  AsS, ; 

As,S,  4-  3S— —  2  AsS,"  "  ". 

Just  as  the  anhydride,  As, Ox,  can  be  referred  to  the  acid,  HjAsO,, 
so  the  thioanhydride,  As»8,,  can  l)e  referred  to  the  thioarsenioua 
acid,  HiAsS*,  which  is  not  capable  of  existence  in  i  he  free  state,  bin  is 
known  in  the  form  of  its  salts.  If  one  of  the  latter  Baits  is  acidified, 
then  thioarseninii.-.  .i,  id  is  set  free;  bill  it  immediately  loses  H,S, 
forming  the  insoluble  thioanhydn 

2  AeS."  4-  6H+-.3H,S  4-  As,&. 

On  treating  I  mixture  of  thioarscnitc  and  arsenite  with  acid,  arsenic 

trisulfide  is  also  precipitated : 

AsO, 4-  AsS, 4-  6  H  +  —  3  11,0  4-  As,S,. 

In  this  last  caae  precipitation  is  quantitative  only  when  the  solution  is  dilute; 
from  a  concentrated  solution  H|8  escapee,  so  that  more  H,8  must  be  conducted  into 
thi!  Rolution  in  Older  to  precipitate  all  the  arsenic. 
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Boiling  a  solution  of  arsenite  and  thioareenite  with  bismuth  hydroxide,  carbonate 
or  nitrate,  etc.,  results  in  the  formation  of  black  bismuth  sulfide: 

AsS, +  2  Bi  (OH;,  - BbSi  +  AaO, +  3  UrO. 

With  cupric  oxide,  or  n  soluble  copper  salt,  black  cuprous  sulfide  is  formed  and  the 
arsenic  is  oxidized  to  arsenate: 

6CuO  +  AaSi +  AaO, —  2C*S  +  2  AoOr-"  +CuS. 

This  property  of  forming  thio-saits  accounts  for  the  fact  that 
hydrogen  sulfide  produces  no  prceipitution  from  normal  arsenitcs, 
and  only  a  partial  precipitation  of  AsjSj,  from  mono-  and  dimetallie 

salts: 

AsO, -f  3H,S  — 3H,0  4-  AsS, . 

6  HAaOT  "  +  1 5  H,S  —  18  H,0  +  AsjS,  +  4  AsS, . 

3  H,AsO,-  +  6  H»S  —  9  H,0  +  A*S,  +  AaS,-  "  ". 

Consequently,  in  order  to  precipitate  arsenic  completely  as  tri- 
sulfide,  it  is  always  necessary  that  the  solution  should  contain  enough 
free  acid  to  prevent  the  formation  of  soluble  sulfo-salts. 

Igniting  arsenic  (ri-oillide  with  sodium  carbonate  and  nitrate  cause  the  formation 
of  sulfate  and  arsenate : 
5  Ai*S,  +  16  Na,CO,  +  28  NaNO,  —  10  Na,AxO,  +  IS  Na£04  +  10  CO,  T  +  14  N,  T  - 

Heating  in  a  stream  of  chlorine;  results  in  tht;  volatilization  of  arsenic  trichloride. 
The-  .lame  reaction  takes  place  when  the  sulfide  is  heated  in  '1  tills-  in  a  current  of 
air  with  a  mixture  of  five  parts  ammonium  chloride  and  one  of  .'1111111011111111  111 1 

2.  Silver  Nitrate  produces  in  neutral  solutions  of  arsenites  a  yellow 
precipitate  of  silver  orthoarsenite  (difference  from  arsenic  acid), 

AsO,"  —  +  3  Ag+  -  AfrAsO,, 

soluble  in  nitric  acid  and  ammonia: 

AgjAsO,  +  3  H+  —  3  Ag+  +  HjAsO,. 

AfcAsO,  +  6  NH,  —  3  Ag(NH,),+  +  AsOr  " . 

The  first  reaction  is  caused  by  the  formation  of  nonioniacd  arecnious  acid,  which, 
in  the  presence  of  an  execs*  of  11+  ion*  furnishes  even  leas  AsO,  ions  than  are 
formed  by  the  very  slightly  soluble  Ag*AsOj  in  contact  with  water.  Tin-  «nlu- 
bility  in  ammonia  is  dm-  to  (he  fact  that  the  (Ag(NH,)i|+  ion  in  the  presence  of 
an  excess  of  NH,  furnishea  fewer  simple  Ajr*  cations  than  Ag»AsO,  in  contact  with 
water. 

In  aqueous  solutions  of  the  mono-  and  dimetallic  salts  the  precipita- 
tion is  incomplete: 

/OH 

3  As-  OH  +  3  AgNO,  =  3  KNO,  +  2  HjAsO,  +  A&AsO,. 


\ 


OK 


H.AsOT  4-  3  Ag*  ?=J  Ag^AsO,  +  2  H+. 
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In  order  t<>  make  the  precipitation  quantitative,  iin  alkali  (preferably  ammonia) 
must  lie  added,  v-.  howi  vrr.  ilir  nhltion  already  reacts  alkaline.  It  b  dilliculi  to 
reach  the  tuet  DWlral  p., mi  i  sually  too  much  ammonia  is  added.  As  a  rule  in 
qualitative  analysis  il  is  unnecessary  I"  m.iompli-di  complete  precipitation  in  this 
iitsi,  ji>  the  rnlnr  of  tin-  silver  precipitate  suhVm  to  show  whether  :in  nrtmilc  or  nn 
ararniUr  i*  present.     To  mi. ike  (lie  precipitation  practically  complete,  add  ammonia 

(imp  by  drop  lo  ftaohitian  of  fAvor  nitrate  mtfl  the.  praaipitate  of  silver  oxide  that 
first  forms  redissolves;  the  solution  then  contains  complex  [AgfXH«)a]+  oatioas 
instead  of  wimple  Ag+  ions.  Add  this  reagent  to  the  arsenite  solution  which  has 
been  made  weakly  acid  with  nitric  acid: 

Bu&flOi  +  i  (Ag<NH,),)+  +  A  H+  -»«NH<*  +  faMOu 

The.  addition  of  the  nitric  acid  is  necessary,  as  otherwise  the  solution  will  Income 
nmmoniacal,  dissolving  a  part  of  the  silver  arsenite. 

In  ease  the  solution  to  he  tested  contain*  also  a  chloride,  it  should  be  acidified 
with  nitric  Mid  and  the  chloride  precipitated  as  silver  chloride  by  on  execs*  of  silver 
nitrate,  and  filtered  off.  To  the  lilt.ratc,  dilute  ammonia  should  he  added  cau- 
tiously. At  the  neutral  xone  formed  by  the  ammonia  alsivc  the  ucid  solution,  :i 
yellow  precipitate  of  silver  aracnite  will  appear.    Tliis  reaction  is  very  sensitive. 

3.  Magnesium  Ammonium  Chloride  produces  no  precipitation  in 
dilute  arsenite  solutions  in  the  presence  of  ammonia  (difference  from 
arsenic  add). 

4.  Iodine  Solution  is  decolorized  by  arsenious  acid,  the  latter  being 
oxidized  to  arsenic  nci-1: 

H,AsO,-  +  I,  +-  HrO  ^2H+  +  21*  +  H,AsOr. 

Tu  make  the  reaction  bake  place  quantitatively  in  the  direction  left  to  right  it  is 
necessary  to  keep  the  solution  neutral;  to  make  the  reaction  take  place  quanti- 
tatively in  the  direction  right  to  left  it  is  necessary  to  add  a  considerable  excess  of 
hydrogen  ions.  This  is  in  strict  accord  u-jth  the  jiin-.--M<tion  principle  This  be- 
havioi  has  li.vn  explained  by  assuming  th.it.  frn-  hvdriodic  acid  is  a  better  reducing 
agent  than  iodide  ion*,  but  it  is  more  probable  that  the  elToel  of  the  acid  upon  the 
stability  of  the  arsenic  compounds  ia  more  important,  lu  alkaline  -ohmon.*,  the 
arm-nic  is  more  stable  in  the  higher  state  of  oxidation  tod,  lor  tins  reason,  the  anw- 
nitc  solution*  have  strong  reducing  powers  in  neutral  or  alkaline  solutions.  Arse- 
nious acid  is  amphoteric  and  forms,  as  we  have  seen,  s  trichloride  snd  trisullide. 
In  the  presence  of  an  excess  of  hydrogen  ions  from  some  other  source,  arsenious 
add  will  not  ionue  appreciably  as  on  and  mid  the  tendency  will  be  to  form  A*1  '  ♦ 
cations.  Probably  arsenic  acid  b  also  amphoteric,  though  to  a  much  low  extent, 
In  strongly  add  solution*,  the  ionization  of  the  arsenic  Mid  is  repressed  to  some 
extent  and  there  is  icy  to  form  As'  * » i  i   patjr-tn.  but  these  are  far  less 

stable  dian  Aa+++  cations  and,  therefore,  in  strongly  acid  solutions  an  arsenate 
acts  as  a  vigorous  oxidising  agent. 

The  explanation  is  in  the  line  with  the  results  obtained  in  the  study  of  reduction 
potentials  {cS.  p.  44).  The  addition  of  add  decidedly  increases  the  oxidizing  power 
of  HMOlo  acid,  but  slightly  diminishes  the  reduction  power  of  an  iodide. 

To  keep  the  solution  neutral  when  it  is  desired  to  oxidise  an  arsenite  by  means  of 
iodide,  it  is  not  advisable  to  use  oaoftio  alkali  solution,  as  this  itself  reacts  with 
iodine,  forming  iodide  and  hypo-indite.     Sodium  bicarbonate  ia  generally  used: 

hco,-  +  n+  -  liio  +  co,  i . 


ARSENIC  24:$ 

Equally  satisfactory  is  sodium  phosphate,  which  forms  with  hydrogen  inns  the 
very  slightly  ionized  H|POt-  ions.  A  normal  alkali  i-arl>onate  can  be  used  if  the 
Solution  fa  saturated  with  carbonic  acid;  Utere  are  then  not  > ii<»igh  Oil"  iouaformed 
by  the  hydrolysis  of  the  normal  carbonate  to  react  with  the  iodine. 

5.  Stannous  Chloride  (BettendorfTs  Test).  —  On  adding  to  con- 
centrated hydrochloric  and  a  few  drops  (if  an  araenite  solution  ami 
then  J  oc.  of  a  saturated  solution  of  stannous  chloride  in  hydrochloric 
acid,  the  solution  quickly  becomes  brown  and  then  black,  owing  to  the 
deposition  of  metallic  arsenic.  The  reaction  takes  place  more  readily 
on  warming,  hut  a  dilute  aqueous  solution  will  not  give  the  reaction. 
In  concentrated  hydrochloric  acid,  however,  the  arsenic  is  all  present, 
as  trichloride,  and  this  is  reduced  by  the  stannous  chloride,  while 
arocnious  acid  is  not: 

2  AB+++  +  3  Sn-^  ~»  3  Six****  +  2  As. 

6.  Ammonium  Thioacetate  added  to  a  hot,  acid  solution  of  an  arae- 

nite  produces  complete  precipitation  of  arsenic  trisulrhle: 

3  C,H,OS~  +  2  AsO, 4-  ft  H+  —  8  HC|H,Oi  +  As-S,  +  8  H«0. 

Sodium  Thiosulfate  also  causes  complete  precipitation  of  the  arsenic: 
3  8,0,"  "  4-  2  AsO,"  "  "  4-  6  H+  —  As-S,  +  3  SO."  "4-3  H..< » 

7.  Cupric  Sulfate  does  not  precipitate  the  arsenic  from  an  aqueous 
solution  of  anaaioua  acid;  the  addition  of  u  little  ulkuli  hydroxide 
causes  the  formation  of  yellowish  green  cupric  arsenite,  which  is 
soluble  in  an  excess  of  caustic  alkali  forming  a  blue  solution,  but  on 
boiling  red  cuprous  oxide  is  precipitated.  This  is  a  sensitive  reaction 
for  distinguishing  arsenious  from  quinquevalent  arsenic  compounds 
although,  it  murt  be  remembered  that  many  organic  reducing  agentfl 
precipitate  cuprous  oxide  under  similar  conditions. 

8.  Potassium  Iodide  added  to  a  hot,  acid  solution  forms  red  arseni- 
ous iodide: 

AsO"-  +  6  H+  +  3 1"  —  Aal,  +  3  H,0. 

In  concentrated  solution,  a  red  precipitate  is  obtained. 

Often,  in  quantitative  analysis,  an  arsenate  w  reduced  to  arsenite  by  treating 
the  ncJd  solution  with  a  moderate  excess  of  |x>ta.v«ium  iodide: 

A«0, +  2 1"  +  2H+—  AjO, +  H/>  +  I,. 

This  causes  the  lits-ration  of  red  iodine  and.  if  this  is  toiled  off,  the  color  of  arsenic 
trioxide  appears  when  the  solution  is  concentrated.  In  fact  it  ii  difficult  to  tell 
«ln  ii  the  iodine  is  nil  gone  and  prm-tnnllv  iiripuwible  to  distill  off  the  last  traces  of 
iixlinr  without  liMing  some  arsenic  iodide. 
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B.     Compounds  of  Ariumic  Pentoxide 

Arsenic  pentoxide,  which  may  in-  obtained  liy  hinting  arsenic  acid, 
is  a  white,  fusible  ^ubslarn-e,  and  is  changed  by  strong  ignition  into 
arsenic  trioxide:  A83O5  =  As,0»  +  0»  f  .  Arsenic  pentoxide  is  quite 
siiluhlc  in  water,  forming  arsenic  acid: 

As,06  +  3  H*0  =  2  HiAsO«. 

Arsenic  acid  itself  may  be  obtained  in  the  solid  state  in  the  form 
of  orthorhomliir  jh-imiir  corresponding  to  the  formula  2  HiAsOt  •  H»0. 
At  100°  C.  water  escapes,  orthoarsenic  acid,  ILAsO,,  being  left  behind 
as  a  crystalline  powder. 

By  gentle  ignition  more  water  is  given  off,  forming  pyroarsenic  acid, 

.•Or,  which  on  further  ignition  is  changed  to  metarsenic  acid, 

HAsOi.     In  this  respect  arsenic  add  acts  exactly  like  phosphoric  acid. 

Both  the  pyro-  and  the  meta-acids  readily  take  ou  water,  and  are 

changed  back  to  the  ortho  acid. 

The  salts  of  arsenic  acid  art-  culled  arsenates. 

As  with  orthophosphoric  acid,  mono-,  di-,  and  tiini'l.illir  salts  are 
known:    NaHjAsO,,  Na«HAa04  and  Na»AsOt. 

The  arsenates  of  the  alkalies  are  soluble  in  water;  the  others  are 
insoluble  in  water  but  easily  soluble  in  acids. 

Reaction*  in   the  Witt   Way 

1.  Hydrogen  Sulfide  on  being  passed  into  a  cold  solution  of  an 
arsenate  in  0.3-normal  acid  docs  not  cause  any  precipitation  until  after 
along  time,  when  arsenic  I  risiilfnle  is  formed.  If  the  cold  solution  con- 
tains a  large  excess  of  concentrated  hydrochloric  acid,  the  arsenic  is 
precipitated  as  pentuwullidc.  II  hydrogen  sulfide  is  passed  into  a  hot 
solution  of  an  arsenate  in  concentrated  hydrochloric  acid,  a  mixture  of 
arsenic  trisulfide  and  pentasulfidc  is  formed. 

This  behavior  is  very  interesting,  but  the  relation-  involved  are  quite  cunipli- 
nalcd.  The  solubility  product*  of  Ijoth  manb  trisulfide  and  anrwr  ptntiillWMll 
arc  extremely  small,  and  it  requires  but  a  small  quantity  of  cither  As'  *  <  or  An'"  II 
ions  to  reach  this  value  even  with  the  sulfur  inn*  frwn  elinhMy  tooted  hydrogen  sul- 
fide. A  cold  nr.lu.tion  of  mi  arsenate  in  0.3-nortnal  hydrochloric  acid  contains  no  ap- 
preciable quantity  of  An1 » *  *  *  cations.  Arsenic  acid  is  of  approximately  th©  nunc 
strength  a»  phosphoric  acid  und  it  is  only  in  'In-  presence  of  a  very  kruc  excess  of 
an  add,  such  ax  hydrochloric  arid,  that  the  ionisation  of  the  find  hydrogen  acid  is 
repressed  to  a  marked  degree.  In  flip  presence  of  enncentrated  hydrochloric  acid. 
however,  it  in  reasonable  to  assume  that  a  small  quantity  of  A**' '  •  *♦  cations  are 
present-  These  react  nith  hvdroRcn  sulfide  to  form  the  very  insoluble  pcntamiliide, 
H^aO,  +  .'5H+-4H10-f AS++4-H-;    2As*-t+++  +  &H£-.Aa,S,  +  10H+. 
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The  arecnio  sulfide  in  *o  insoluble  that  the  uffcet  of  the  acid  is,  on  tile  whole,  favor- 
able; it  favon  the  formation  of  As*'  1 1  f  cations  and  it,  prevents  the  formation  of 
colloidal  dilutions  of  .W"v 

Hydrogen  sulfide  in  absorbed  by  a  cold  solution  of  an  arsenate  in  dilute  acid  to  a 
greater  extent  than  can  be  accounted  for  by  the  solubility  of  hydrogen  sulfide  in 
water.     Soluble  thioaraenate*  are  formed: 

HtAaO,  +  IW5  —  H*\sO»S  4-  IM). 

Hydrogen  sulfide  also  exerts  h  if  i  luring  offtol  upon  the  arsenate.    This  reduction 
takes  place  very  slowly  in  the  cold,  but  more  rapidly  if  the  temperature  of  the  solu- 
tloa  i-  raised  or  if  the  concentration  of  the  Il+  ia  increased  (cf.  p.  242). 
H,A«0,  +  3H+-r-H^~ —A«++-t-4-4H.O+Sj    2 Aa+++  4-  3 rLS  —  A*,S,  4- 6  H+. 

Aa  soon  aa  the  solution  contains  an  appreciable  quantity  of  either  As'  •  >  •  t  0r 
Aa+++  iona,  the  precipitation  of  the  corresponding  sulfide  at  once  take*  place.  The 
i.-ni|MTuture  of  the  solution  and  the  concentration  of  the  acid  arc  exceedingly  im- 
portant  la. Mr-  m  the  proqjptWlan  ol  arsenic  by  means  of  hydrogen  sullidc.     1  'h-- 

pcnliLslillide  is  (he  more  insoluble  of  the  two  KUlfidCH. 

To  precipitate  the  arsenic  quickly  by   hydrogen   .sulfide  from  a  nolution  of  an 

i.'.  without  employing  considerable  hydrochloric"  tdti,  it  h  only  necessary 

to  reduce  the  arsenic  acid  by  boiling  with  milfurmis  acid,  b>  boil  off  the  exoesa  of  the 

latter,  and  then  to  conduct  hydrogen  sulfide  into  the  solution,  whereby  a  precipitate 

of  nraenious  sulfide  is  at  once  formed. 

Arsenic  |Miii:i'-iilli<|i-  i-  insoluble  in  bojfing  cunonl  raloo!  hydro- 
chloric acid,  but,  like  the:  trisulfide,  it.  is  readily  soluble  in  alkalies, 
ammonium  carbonate,  and  alkali  sulfides: 

As-Si  +  6  OH"  =  3  H,0  +  AsS, +  AbO»S ; 

As,S4  +  3  CO,"  '  =3C0,]  +A8Sr_"  +  AB0^---; 

AsjS»  +  3  S~  _  =  2  AsSi . 

By  acidifying  these  solutions,  arsenic  pcrira.sultide  is  repn-cipitated: 
2  AsST ""  -hftH+-*8  HtS  T  +  As,St, 
Ah8i +  AsO,S 4-  6  H*  -+  3  HjO  4-  As,Ss. 

Arsenic  |x>ntuHulfuIn  is  oxidised  by  fuming  nitric  acid  to  sulfuric 
and  arsenic  acids;  also  by  ainmoniacal  hydrogen  peroxide  and  by 
hydrochloric  acid  and  potassium  chlorate: 

AsjSj  +  40  HNO,  —  2  H,AsO,  +  .r>  H,SO«  +  40  NO,  J  -f-  12  H,0, 
As,S»  +  20  11,0,  +  16  OH"  =  28  H,0  4-  5  SO."  "4-2  AsO,"  "  ", 

3  A«,S»  +  20  HCIO,  +  24  H,0  -»  20  HC1  +  6  H.AsO,  +  IS  H,80« 
or 

3  As,S6  4-  5  BOO,  4-  9  H,0  —  B  HC1  +  6  H,  AsO,  +  15  S. 

2.  Silver  Nitrate  ptvdp&tfttaa  from  neutral  solutions  chocolaU- 
broum  silver  arsenate  (difference  from  nraenious  and  phosphoric  acids): 

AaOr  "  "  +  3  Ag+  —  Ag^sO., 
soluble  in  acids  and  in  ammonia. 
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3.  Magnesium  Chloride  precipitates,  in  the  presence  of  ammonia 
and  ammonium  chloride,  a  white,  crystalline  precipitate  of  magnesium 

an 1 11  id ni ii i n  arsenate : 

AsOr    "  +  Mg++  +  NH4+  ->  MgNrLAsO,. 

This  precipitate  is  insoluble  in  dilute  ammonia  and  is  used  for  the 
quantitative  determination  of  arsenic.  By  ignition  it  is  changed  into 
magnesium  pyroarsenate : 

2  MgNH,As04  =  H,0  J  +  2  NH,  t  +  M^AsjOt. 

4.  Ammonium  Molybdate,  added  in  considerable  excess  to  a  boil- 
ing  nitric  acid  solution,  precipitates  yellow,  crystalline  ammonium 
arsenomolybdatc : 

AsOr  ~  -  +  3  NH.+  +  12  MoOr ~  +  21  H+ 

—  12  H«0  +  (NH^AsO,  •  12  MoO,. 

This  precipitate,  like  that  of  the  corresponding  molybdenum  com- 
pound with  phosphoric  arid,  is  insoluble  in  dilute  nitric  acid  solution 
cniituihiuH  auiiiioiiitiiu    nitrate,    but    is  readily   soluble  in  ammonia  or 
(  Mi-tic  alkali  solutions: 
i  NH,)»As04  •  12  MoO,  +  24  OH" 

-*  12  H,0  -j-  3  NH,+  +  AsOr  "  "  +  12  MoOr  ". 

The  yellow  precipitate  is  also  soluble  in  a  solution  containing  an 
alkali  arsenate;  complex  anions  containing  more  arsenic  are  formed 
and  the  ammonium  salts  of  these  complex  ions  are  soluble  in  nitric 
mill.  Consequently  a  large  excess  of  ammonium  molybdate  should 
be  used  if  it  is  desired  to  precipitate  arsenic  acid. 

As  wo   shall    see    Inter,    plioMphorir    acid    behaves   similarly    Toward    magnesium 

•  ll  •  .'Hid  iiliillidi iimiIyUI:iIc        K.  Iln-refi rr e,  phosphoric  :iri<l  nnil  IIMUM  HI  l"-'th 

present,  it  is  iieeeeaary  to  pro.-iint.ite  first  the  UMBJe  with  hydrogen  sulfide,  filter, 
and  nddlM  the  prooipitttod  nrwnic  sulfide  to  arsenic  jieid  with  fuming  nitric  tdd< 
In  sucb  a  solution  &  precipitate  produced  by  means  of  ammonium  molyhdate  or 
iriHEiieniiiin  chloride  muni  lie  caused  by  :ii~»-n  i<-  mid  In  f  lie  ■»mp  way  a  precipitate 
produced  in  the  filtrate  from  the  hydrogen  sulfide  precipitate  must  In-  MDMd  bj 
phosphoric  acid.  This  is  safer  than  lo  depend  upon  the  fact  that  the  ammonium 
|,liM-.|i!iiiiii<.|yli.lul.-  (..nil-  WOK  n  ..III'.  :it  l..v..r  l..|.i|HTi.tin.-  .Ml  lh,,n  .I,.,-.  ( |,,. 
i  ■  ir r i— -i ». ir !■  1  i 1 1 vr  ..l-eiii ipiniini. 

5.  Potassium  Iodide,  in  a  solution  strongly  acid  with  hydrochloric 
acid,  reduces  a  solution  of  an  arsenate  with  liberation  of  iodine  (cf.  p. 

242); 

H,A«0,  +  5H++2I--.  A***  4-  4  H,0  -f  U 

The  reaction  takes  place  quantitatively  if  the  iodine  is  removtd 

by  adding  sodium  thiosulphate. 


ARSENIC 


247 


6.  Concentrated  Hydrochloric  Acid  end  Ferrous  Chloride  cause  the 
formation  of  volatile  arsenious  chloride: 

HiAsOi  +  2  FcCl,  +  5  HCl  —  AsCU  t  +  2  FcCli  +  4  H,0. 

Any  other  soluble  ferrous  salt  may  bo  used  and  other  reducing  agents 
siuh  M  CUDTOUa  chloride,  potassium  iodide,  potassium  bromide  or 
even  hydrogen  sulfide.  After  this  treatment,  all  the  arsenic  may  be 
removed  by  distilling  in  a  stream  of  hydrogen  chloride-. 

7.  Ammonium  Thioacetate  end  Sodium  Thiosulfate  cause  the  same 
precipitation  a^  with  arsenious  salts. 

8.  Cupric  Sulfate  does  not  give  a  precipitate  with  arsenic  acid  solu- 
tions unless  a  little  alkali  hydroxide  in  added  and  then  bluish  green 
cupric  arsenate  is  formed  which  becomes  a  beautiful  light  blue  on 
adding  more  alkali  hut  does  not  dissolve. 

C     Reaction*  tcltich   tfay  ln>  Ohtninfil  with   AH  Araenlc.  Compoitiul* 

1.  The  Marsh  Test  for  Arsenic.  —  All  compounds  containing  arsenic 
may  be  reduced,  in  acid  solution,  by  means  of  metallic  ziiic  to  arsine, 
AsH,: 

AaO,---  +  3Zn  -f-  9  H+  —  3Zn*+  4-  3  HsO  +  AsH,  I  . 

AaOr~~  +  4Zn4-llH+-.4Zn+++4H»0  +  AaH,T. 
A8+++  4-  3  Zn  4-  3  H+  —  3  Zn++  4-  AsH,  f  • 

The  sulfides  are  reduced  very  slowly,  but  the  oxides  are  reduced 
quickly  even  at  ordinary  ti-mpcratures. 

This  very  poisonous  arsine  possesses  a  property  which  enables 
us  to  detect  with  certainty  the  merest  trace  of  arsenic  — as  little  as 
0.0007  milligram  As.  By  conducting  the  gas  through  a  heated  glass 
tube  filled  with  hydrogen,  it  is  decomposed  into  hydrogen  and  metallic 
arsenic;  and  the  latter  is  deposited  as  a  brownish-black  mirror  on  the 
sides  of  the  glass  tube,  just  Inryond  the  plant  where  it  was  he.itod. 

This  test  is  extremely  sensitive,  and  must  be  made  with  caution, 
as  almost  all  reagents,  especially  commercial  zinc  and  sulfuric  acid, 
en  likely  to  contain  traces  of  arsenic.  In  case  these  are  used  with- 
out previous  testing,  arsenic  is  likely  to  be  found  even  although  it 
mny  not  have  !>ecn  present  in  the  substance  itself. 

The  Marsh  teat  is  particularly  useful  for  detecting  the  presence  of 
very  small  amounts  of  arsenic  which  could  not  Ik*  found  by  any  of  the 
previously  mentioned  reactions.  In  ceees  of  poisoning  and  for  det.it- 
ing  the  presence  of  arsenic  in  wall-papers,  this  test,  or  a  modification 
of  it.  is  always  used;  we  will,  therefore,  discuss  it  in  detail. 
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Formation  and  Properties  oj  Arsine 

(a)  Formation.  —  Arscniurcttcd  hydrogen,  or  arsine,  is  produced,  as  above  men- 
tioned, by  the  reduction  of  compounds  containing:  arsenic.  For  accomplishing  tho 
reduction,  pure  line  and  pure  sulfuric  acid  should  be  used.  If  other  metals  and 
other  acida  arc  used  (e.g.,  tin  and  hydrochloric  acid,  iron  and  sulfuric  acid) 
the  arsenic  compound  will  be  reduced;  but  if  iron  is  used,  a  part  of  the  arsenic  ia 
changed  to  Holid  arseniuretted  hydrogen,  which  remains  in  the  flask  and  conse- 
quently escapes  detection.  If  tin  mid  hydrocldoric  acid  are  used,  :i  high  tcrn]M.-ra- 
turc  is  necessary  in  order  to  accomplish  the  reduction,*  while  with  sjoc  Mid  sulfuric 
scid  tho  reaction  hikes  place  readily  at  th«  ordinary  torn|>o.raturc.  Chemically- pure 
zinc  dissolves  with  difficulty  in  chemically-pure  sulfuric  acid,  so  that  it  is  well  to 
activate  the  rim:  by  (he  addition  of  11  little  foreign  melal.  The  addition  of  a  drop 
of  chloroplatinic  scid  causes  at  first  a  more  rapid  evolution  of  hydrogen,  but  tho 
reaction  soon  slows  down  and  is  not  accelerated  by  the  addition  of  more  cldoro- 
platinic  acid,  Moreover,  the  addition  of  chloroplatinic  acid  has  the  disadvantage 
of  causing  considerable  arsenic  to  bo  held  back  by  tho  platinum;  less  than  0.005 
mgm.  of  AsjOi  cannot  be  detected  in  this  way.f  Much  better  results  are  obtained 
by  using  an  alloy  of  doe  and  platinum.  Thus  F.  Hefti  t  found  that  zinc  alloyed 
with  10  [ht  rent  platinum  caused  a  more  uniform  evolution  of  hydrogen  and  Slit 
the  formation  of  amine  was  accelerated,  while  loss  arsenic  was  retained  by  the 
platinum.  With  thin  alloy,  0.0005  mgm.  of  Asj<),  ran  be  detected  with  certainty. 
I'll"  l»  .1.  activating  agent,  however,  i«  eupper  in  tho  form  of  n  zinc-copper  alloy 
prepared  as  follows:  Melt  20  gms.  of  tho  purest  zinc  in  s  small  Hessian  crucible,  stir 
a  very  little  pure  copper  into  the  molten  zinc  with  the  aid  of  a  stick  of  zinc.  Pour 
tho  molten  metal  into  water,  keeping  an  much  an  possible  of  the  oxide  back  in  the 
crucible.  With  tins  alloy  and  15  per  cent  sulfuric  acid,  a  steady,  continuous  current 
of  gas  is  obtained  and  it  is  possible  to  detect  with  certainty  as  little  as  0.00025  mgm. 
of  As,0,. 

Arsenic,   arse iw  oxide,   nrserm    pentoxide,  and  arsenic  trisulfide  are  readily 

reduced  in  alkaline  solution  by  sodium  amalgam,  aluminium,  or  Dersxda's  alloy 
and  caustic  potash.  The  reduction  takes  place  quickly,  and  the  arsine  may  be  de- 
tected by  the  Gutzeit  reaction  (cf.  p.  253).  The  presence  of  organic  matter  in  solu- 
tion hinders  the  reaction;  3  cc.  of  urine  in  which  1  mgm,  of  AsjOj  was  dissolved 
showed  no  trace  of  arsine  after  treating  fur  hours  with  Devarda's  alloy  and  emtlQ 
potash  solution.  In  such  cases  the  organic  substance  must  be  decomposed  before 
testing  for  arsenic.     (Cf.  pp.  137  and  161.) 

Amine  is  also  obtained  by  dissolving  many  arsenides  in  hydrochloric  or  sulfuric 
acid: 

ZmAfc  -f-  6  HO  =  3  ZnCI,  +  2  AsH.  T . 

Arsenide  of  iron  is  attacked  by  acids  only  with  difficulty,  except  when  an  cXQW 
of  iron  Li  present;  solid  and  gaseous  arsenic  hydride*  are  formed.     Consequently  iron 


♦  Thus  VAMMQ,  wi irking  at  ordinary  temperatures,  could  not  detect  less  Hum 
0.002  grn.  of  A*,0|  by  means  of  tin  and  hydrochloric  scid,  and  where  chloroplatinic 
scid  was  added,  less  than  0.1  mgm.  of  AstOi  could  not  be  found.  Z.  angew.  Ckem., 
1902.82. 

t  Bernstein,  Inaug.-Dissert.,  Rostock,  1870. 

J  Inaug.-Dissert.,  Zurich,  1907. 


sulfide  containing  arsenic,  ou   treatment  with  acids,  always  yields  hydro  gun  sulfide 
contaminated  with   irsmi .' 

Arwnitos  can  also  he  reduced  to  amine  by  the  action  of  the  electric  current.  It  is 
possible  to  distinguish  between  an  amenite  and  an  arsenate  in  this  way. 

Certain  microbes,  namely,  FenieiUium  ltrevif.au It,  when  provided  with  nutri- 
ment i-iiiilnitiiriK  mil\  ;i  .>•••  "!'  ar-i-nic,  have  tin  |>owit  nf  forming  volatile  arwnii: 
<ii!ii|xiiui!l  of  u  garlic  odor,  and  this  may  be  used  as  an  extremely  sensitive  test  for 
arsenic. 

(6)  l'ro]tcTtiaf. —  Amine  is  a  colorless,  unpleaaant-Hmelling,  extremely  iMUNini.u.i 
Km,  which,  on  being  heated  away  from  the  air,  is  decomposed  into  arsenic  and 
hydrogen: 

4  AsH,  -  A*  +  B  H,. 

Hy  liciLtiiiK  in  the  air,  it  is  oxidized  to  water  and  arsenic  trioxido.  Solid  iodine 
change*  it  to  arseninua  iodide  and  hydriodic  acid: 

AsH,  4-31,  =  Asl.  +  3  HI. 

Tins  miction  takes  place  on  conducting  arsinc  over  solid  iodine.  This  properly 
serres  lr>  free  hydrogen  sulfide  from  nnint,  as  hydrogen  sulfide  docs  not  act  upon 
solid  iodine,  but  only  upon  iU|tieoiis  iodine  solutions.  Anrine  is  not  attacked  by 
hydrogen  sulfide  nt  ordinary  tempcraturca,  but  nt  230°  C.  sulfide  of  arsenic  and 
hydrogen  are  formed. 

Arsinc  is  u  strong  reducing  agent:  Bilver  salts  are  reduced  to  metal  (sec  p.  253). 

Directions  for  Performing  thr  Beraclius- Marsh  Test 

The  apparatus  devised  by  G.  Locfccmann.t  shown  in  Fig  20,  may  lie  use. I  !■■ 
advantage. 

In  the  llask  A',  of  100  to  150  cc.  capacity,  place  3  or  4  gms,  of  xine  alloyed  with 
copper  (e.f.  p.  2-I.S)  and  about  20  cc.  of  4-iiormul  sulphuric  acid  free  from  arsenic. 
A  steady  stream  of  hydrogen  is  at  once,  evolved,  and  tn  twenty  minutes  the  air  will 
N  .  uiirely  drivon  out  of  the  apparatus.  When,  at  the  end  of  about  twenty  minute*, 
the  gu»  escaping  at  b  is  found  to  be  pure  (by  collecting  a  tittle  in  n  small  tube  and 
holding  it  near  a  flam.';  a  should  light  without  n  sharp  explosion),  light  the  hydro- 
Km  at  h.\  The  flame  should  he  about  2  or  3  mm.  high  and  should  remain  so  during 
the  entire  cx|s-riri*cnt;  if  it  Ix-romca  higher,  cool  the  solution  in  A'  by  placing  the 
flask  in  cold  water,  and,  conversely,  if  the  flame  is  too  low  add  a  Little  more  sul- 
phuric acid  or  place  the  flask  in  warm  water, 

First  of  nil,  text  tin-  xinc  and  sulphuric  add  to  sew  that  they  aw  free  from 
arsenic.  Heat  the  hard-glana  tulx;  at  B  just  licforc  the  restriction  in  the  tube,  which 
is  5  mm.  long  and  LM  mm.  wide.  If  at  the  end  of  twenty  minutes  there  is  no 
arsenic  mirror  form  rapillurv    the  reagents  are  free  from  arsenic. 

Transfer  the  sulfuric  acid  solution  to  be  tested  for  arsenie,  nnd  w  Inch  must  be 
free  bom  organic  substance*,  sulfides,  chlorides,  nitrates,  or  other  oxiduung  agent, 


•  (Chcm.  ZcntralM..  1903,  I.  p.  1245.) 

t  Z.  ange\c.  Chem.,  1006,  pp,  427  and  491. 

t  A  safe  way  to  light  the  flame  is  to  fill  a  small  tube  with  the  escaping  gas,  light 
it,  and  bring  it  slowly  to  the  end  of  the  tube  b.  If  the  gns  is  pure  the  hydrogen  in 
the  small  tul»'  will  burn  .piii  th  fur  tOOU  Hill<'  time.  If  impure,  there  will  be  none 
left  in  the  small  tuba  after  it  is  exploded  and  this  will  not  light  the  escaping  gas  at  b. 
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to  the  graduated  funnel  7",  nnd  ailfl  it.  lit.tU-  by  liltlc  to  the  flask  A"  without  in  any 

vrny  interrupting  the  current  of  hydrogen.    Just  before  adding  the  solution  Ui  the 

flank,  light  the  two  burners  at  A  and  thereby  heat  the  glass  tube  to  dull  minora. 

The  t'as  an  it  escapee  from  the  flask  A'  passes  through  the  drying-tube  C  containing 

KTHiiuliM  calcium  chloride,  and  then  into  the  tube  .1,  where  any  ursine  ia  quantitu- 

tively  decomposed   into  arsenic  and   hydrogen.     The.   arecnie  ix   deposited   on   the 

cold  wall*  of  the  iiipdlary.  Cool  the 
end  of  the  capillary,  in  order  to  form  a 
sharply  defined  mirror,  by  windinK 
around  it  a  piece  of  nicking,  as  shown 
in  Fig.  '20,  and  idlowiug  water  to  drop 
upon  it  from  the  dull  M"  during  the 
experimi  ni. 

All  the  UM&loitfl]  bi  deposited  at 
the  end  of  mi  In. or,  nod  lij  comparing 
the  mirror  with  a  series  of  standard:. 
thearnoiinl  UBS  bi  •  vfiiiiaicd  aenir'itelv 
(see  page  262). 

Remark.  —  If  the  lube  A  is  not 
heated  at  all,  but  the  gas  ignited  at  b 
as  above  described,  the  arsenic  may 
bo  deposited  upon  u  rold  iKintelain  dish 
by  holding  the  dish  in  the  flame.  Thr 
deposit  is  readily  soluble  in  sodium 
hypochlorite  solution   (difference  from 

antimony).     In  this  form  the  teat  was  wed  by  James  Marsh  in  1836. 

Confirmatory  Teil.  —  In  the  small  glass  tube  open  at  both  enda  (aac  Fig.  21)  the 

amnio  mirror  li  found       Hold  the  tube  in  an  incline!  BaafttOB  ami  lieitt  it  by  means 

of  a  small  flame  wlnrclij  'he  MMBk  li  chmiKed  to  arsenic  inn.ude,  Hiving  ofl  the 

i'Ii  irai  t,  n-.lie  nurlic  odor,   which  ran  lie  detected  at  thr  upper  end  of  the  tube  if 

■  ■  i . I v  0,01  mgm,  of  MMnle  trioxiilc 

is  formed.    After  the  tul.e  is  BOOlld, 

the  arsenic  (rrioxxk  ■  to  bt  Eouad 

at  a  in  the  form  of  small  glistening 

mi  iliedrona,  which  can  be  seen  with 

(be  iiiavini.iiiiK  glass  or  often  with 

the  nuked  iy. . 

IhcH  three  facte  —  formation  of 

the  mirror,  the  garlic  odor,  nnd  the 

octahedrons  —  suffice  to  prove  the 

presence  of  arsenic;  but  the  nMH 

proofs  we  have,  the  mure  certain  we 

are  of  the  tircuraey  ol   tin    result. 

If  the  octahedrons  have  been  ree- 

ngnixed.  seal  the  capillary  end  "i 

ibi  v.uii  i  Bun,  nod  tntndioi  1  to  2  drops  of  pun'  oaosantretcd  hydio- 

.  1 1 1 ...  1 1  >  :..nl  int..  the  »ul-  ■'.nil  lln  blip  of  ■  dropper,  and  move  the  tube  so  that 
the  arsenic  trio-ode  i-  moistened  by  the  trfdj  then  add  6  to  10  drops  of  distilled 
mtaf  and  pass  hydrogen  miliidr  into  Ibe  tube,  whereby  yellow  onscnioiw  sulfide 
It  formed. 
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In  hydrogen  sulfide  required  may  be  generated  from  a  solution  of  sodium 
sulfide  by  allowing  it  to  flow  into  dilute  Rdfarft  arid,  as  illustrated  in.  Fig.  -"--  The 
upper  part  of  the  U«t-tul>e  contains  a  wad  of  cotton  wool,  which  prevent*  any  of 
the  solutiun  m  the  tube  from  being;  mechanically  carried  over  into  the  t.ur>c  con- 
taining I  lie  arsenic. 

As  an  example  of  the  practical  application  of  this  delicate  (est,  Um  mniunl  to  bs 
employed  in  the  detection  of  arsenic  m  wall-papers,  etc.  will  Inc  described.    The 
amount  of  arsenic  contained  in   wnll-pti]>ers 
it  usually  so  Bmall  that  weighing  the  mirror 
produced  would  not  be  accurate.*     Highest,  )     Na,8 

therefore,  to  preprtrc  u  number  of  mirror*  from 
known  amounts  of  arsenic,  to  establish  a  scale 
for  determining  how  much  'v  contained  in  the 
given  wall-paper  or  fabricf 

rir»t  of  all,  the  arsenic  must  becrtrSflted 
completely  from  the  paper,  and  to  this  end 
it  i*  necoswiry  •■'  deeomrswe  tin-  organic  ma- 
terial, which  is  accomplished  preferably  as 
follows: 


ftmtmpfttilion  of  Organic  Malarial 


I  Cotton 


uWS3 


H.SO, 


Take  exactly  one  square  decimeter  (100 
sq.  em.)  of  wall-paper,  roll  it  into  a  cylinder 
and  push  it  down  into  a  tube  closed -at  one 
end, such  as  is  used  for  the  Cm-ius  determin- 
ation of  the  halogens  (see  Volume  II  of  this 

hook).      Add    _'    DO.    Of    pure,    fuming   sulfuric 

acid  (26  per  cent  oleum)  through  a  long- 
stemmed  funnel.  Then  pour  3  or  4  cc.  of 
fuming  nitric  acid  into  a  small  test-tube  and 
carefully  allow  the  latter  to  slip  down  the 
aidee  of  the  Carius  tube  so  that  the  two  acids 
•  i>  not  ruine  in  contact  with  one  another 
At  the  open  end  of  the  tube  draw  out  the 
glass  to  fiinn  i  .(.rung  capillary  and  >ci!  the  and  II  dcMTilxd  m  Volume  II.  Cover 
the  tube  with  asbestos  paper  and  slowly  hent  it  inside  a  strong  iron  tul>c,  in  the 
furnace  used  for  Cnrius  tubes,  to  n  tcmpt-nUmr  of  about  280*  and  keep  it  at  tins 
temperature  for  an  hour  and  a  half.  Allow  the  tube  to  cool  and  then  withdraw  it 
from  the  iron  pn.i.-eiiv.  i.ii.e,  i.v  means  of  n  wire  previously  fastened  to  it,  until 
the  capillary  project*  a  little:  heat  this  with  a  Bunsen  flame,  .is  soon  as  the  glass 
Hi  soft  the  pressure  on  the  inside  of  the  tube  blows  out  a  hole  through  which 
gas  escapes  until  the  pressure  is  the  same  inside  the  tulie  a*  without.  Break  off 
iIm    i»>int  of  the  lulie  and  rinse  the  contents  of  the  tube  ami  of  the  tip  into  a  porce- 


Fio.  22 


*  In  Massachusetts,  the  law  permits  the  presence  of  0.1  nigni.  per  square  deci- 
meter in  wall-paper,  but  only  O.ul  mgiu  |mt  square  decimeter  m  wearing 
apparel.  In  most  cases  it  is  merely  necessary  to  determine  whether  the  legal  limit  u 
exceeded. 

f  C.  R.  Samgeh,  Amtr.  Acad,  of  ArU  and  Science*,  28,  24. 
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lain  evaporating  diich.  The  colorless  Milution  •  thus  obtained  will  contain  all  the 
araenic  in  the  form  of  arsenic  acid.  Evaporate  the  solution  till  fumes  of  sulfuric: 
acid  are  evolved  thickly,  uml  then,  niter  cooling,  mill  15  cc.  of  wuter  anil  pour  the 
liquid  into  the  funnel  7'  of  I-'ig.  '20,  rinsing  the  dish  twice  with  3  co.  portions  of  wuter. 
After  mixing  the  liquid  in  T  by  means  of  a  small  stirring  rod,  make  a  note  of  the 
total  volume  of  the  liquid. t  During  this  operation,  thl  '  '■>  apparatus  should  bo 
mode  ready  for  the  teat. 

When  the  apparatus  is  ready,  add  a  few  drops  of  the  well-mixed  Bolution  through 
T  to  the  reduction  flask  K.  If  no  mirror  appears  within  three  or  four  minutes  add 
"lie-eighth  to  one-quarter  of  the  filtrate  little  by  liltlr:  and  if  no  mirror  appear* 
after  five  mmutos,  the  whole?  filtrate  The  whole  filtrate  Lh  not  added  nt  once, 
because  if  too  strong  a  mirror  is  obtained,  it  ||  nuu-h  BOM  ililliruli  in  rnrim.iic  Mb 
imotnt  of  arsenic  present.  After  twenty-five  minute*  all  the  arsenic  will  he  de- 
posited if  not  more  t.hnn  0.05  mg.  of  MMBsS  is  in  solution.  If  a  mirror  of  sniffi.  ii-nt 
density  was  obtained  in  fifteen  minutes  from  only  a  fraction  of  the  whole  solution, 
no  more  should  be  added,  but  the  operation  should  be  continued  for  ten  minutes 
iiini r.  the  flame  extinguished,  and  the  tube  allowed  to  cool  while  hydrogen  continues 
to  pass  through  it.  The  mirror  is  then  compared  with  the*  scale,  and  the  remaining 
part  of  the  filtrate  is  weighed  in  order  to  determine  how  much  wan  used  for  the 
tost. 

If  sutliiiint  material  is  at  hand,  a  duplicate  experiment  should  he  made  with  a 
new  tube  and  a  new  sample.  The  result*  of  a  few  such  determinations  are  given 
in  the  FoBowiog  ImIiIc: 


So.  cm.  of 

Wtictil  of 

Kitnwt. 

Wt.  of  Ertrart 
Taltaa. 

Weight  of 
Mirror. 

Tc.U.1  WaUht 

ol  A«,0,  la 

Extract. 

Wt.  .W,  >D 

m«m  p»r  »q. 

rnsUr. 

100 

n  63 

81  (13 

0 

0 

0 

100 

30  11 

10  23 

0  Ol.i 

0  Ml 

4.4 

0  87 

0  013 

0  0390 

3  99 

100 

28.72 

832 

0  045 

0.155 

16  S 

7  53 

0.012 

0.163 

10.3 

50 

30.22 

2  M 

0  016 

0.172 

34.4 

... 

3  22 

0020 

0  187 

37.4 

The  comparison  of  the  mirrors  is  best  made  in  transmitted  light.  The  normal 
mirrors  are  prepared  as  follows:  Dissolve  l  gin.  of  purr,  suldimed  arsenic  trioxide  in  a 
little  sodium  carbonate  solution,  acidify  with  dilute  sulfuric  acid,  and  dilute  to  a 
liter.  Take  10  cc  of  this  solution,  of  which  1  cc.  contain*  1  mg.  of  .W>i,  and  again 
ililutr  to  n  liter:  in  this  way  a  solution  is  obtained  of  which  I  cc.  contain*  exactly 
0.01  mg.  of  A*jO(.  Measure  out  1  cc,  2  cc,  fl  M  .  1  cc.,  "rid  S  ec.  of  the  solution 
and  introduce  each  portion  separately  into  the  Marsh  apparatus,  and  prepare  the 
corresponding  mirrors  in  different  tube*  It  is  beat  to  prepare  two  tubes  from  each 
amount  of  arsenic,  as  the  mirrors  are  not  always  the  same.  These  minors  may  be 
kept  in  the  dark  for  some  tmiej  Mil  OB  UP0MH  to  the  light  they  fade  perceptibly. 
Mirrors  which  are  scaled  up  with  hydrogen  do  not  keep  as  well. 


•  If  the  paper  contained  iron  or  aluminium  compound*,  the  anhydrous  sulfates 
are  formed.  These  dissolve  by  heating  witli  water.  The  above  method  is  the  beat 
and  cleanest  for  deeompouDg  organic  material. 

t   Instead  of  measuring  the  liquid  it  may  be  weighed. 
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Tex  tin*  Urine,  Blotui,  Milk,  Beer,  etc.,  for  Artenic 

Evaporate  100  cc.  of  the  liquid  in  question  to  dryness  in  a  porcelain  dish.  By 
means  of  a  spatula  introduce  the  residue  aa  completely  ui  possible  into  a  tube,  such 
ua  in  used  for  the  Carius  determination  (Vol.  11),  aud  udd  1  cc.  of  a  25  per  nut  •  •!•  uui. 
In  order  to  transfer  the  rest  of  the  residue  to  the  tube,  pour  2  cc.  of  furuiug  nitric  acid 
into  the  dish  and  after  wetting  all  the  sides  of  the  dish,  transfer  the  acid  to  a  small 
test-tube.  Iteiieat  thin  opcnilion  twice  more  Ud  then  allow  the  small  test-tuhc  to 
nli|.i  into  the  Carius  tube.  Draw  out  a  capillary  at  the  open  end  of  the  tube  and  seal 
n  by  the  flame.  Heat  the  tube  in  the  Carius  furnace  for  our  hour  at  100".  After 
cooling,  open  the  point  of  the  tube  with  the  usual  precautions  (p.  251),  and  release 
the  pressure  Seal  the  tube  again  and  heat  fur  half  an  hour  to  on  hour  at  230°. 
The  operation  ik  then  iHiiitinusd  ax  discribed  nUive. 

With  urine  a  somewhat  different  procedure  in  followed.  Evaporate  the  liquid  not 
quite  to  dryness,  but  to  sirupy  consistency;  spread  the  sirup  upon  a  porcelain 
Ixmt  and  allow  it  to  slip  into  the  Carius  tube.  The  rest  of  the  process  is  carried 
out  tw  Iwfore. 

2.  The  Gutzeit  Test  for  Arsenic  dejwnds  upon  the  behavior  of 
arsinu  toward  a  50  per  cent,  solution  of  silver  nitrate  (according  to 
Eidenbenz,  a  crystal  of  solid  silver  nitrate  should  be  used).  The 
silver  nitrate  is  at  first  colored  yellow  and  then  black,  the  following 
reactions  taking  place: 

(a)    6  AgNOj  -»-  AsH,  =  AsAg,  ■  3  AgNO,  -f  3  UNO,. 

Mn 
(6)   AsAg,  •  3  AgNO,  +  3  HOH  =  HaAsO,  -f  3  HNO,  +  6  Ag. 

The  test  is  carried  out  aa  follows:   Place  n  little  of  the  sulistanoe  in  a  small  test, 
tube,  Fig.  23,  add  a  few  grains  of  zinc  and  a  little  dilute 
sulfuric  acid,  and  place  a  wad  of  cotton  near  the  top  of 
the  tube  as  a  filter.    Over  the  mouth  of  the  tube  place  a 
piece  of  filter-paiier  with  a  crystal  of  silver  nitrate  on  top. 

If  arsenic  ia  present,  the  silver  nitrate  is  nt  first  turned 
yellow,  but  it  becomes  black  very  quickly. 

This  reaction  i*  often  used  for  quickly  testing  com- 
mercial acid  for  arsenic,  but  it  is  not  or  reliable  as  the 
BettendnrfT  test  (p.  243),  because  phosphinc  *  and  stibine 
give  a  similar  reaction  with  silver  nitrate,  while  they  arc 
not  reduced  by  stannous  chloride. 

If  arsine  ia  allowed   to  act   upon   a  dilute  solution  of 
silver  nitrate,  the  yellow  compound    AsAgi  •  3  AgNOi  is 
not   formed,    for   it   i*   immediately  decomposed  hydro- 
lytically,  according  to  the  equation 
AsH,  +  6  A«tNO,  +  3  HOH  =  6  HNO,  +  HiAsO.  -)  6  Ag. 

If  the  precipitated  silver  is  filtered  off.  and  ammonia 
then  poured  on  top  of  the  filtrate,  the  neutral  MM  will 
appear  yellow  owing  to  the  formation  of  silver  arsenite. 


/T^*Aa 


r\p»jxr 


Cuttoa 


Pro.  23 


Commercial  sine  often  contains  a  small  quantity  of  phosphorus. 
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Thin  i.-m-ii ^■■.■■t  (;ik.:,  pl.'irc  .[.in.  . (i!.ii. ! ilntively ;  the  deposited  silver  invari- 

iiii»  ii  litt In  silver  antcnide,  AgjAs. 
If  (he  silver  solution  it.  made  amino niacal,  it  is  true  that  all  the  iirxinc  will  be 
;  1 1 .  -.  ■  >  i  i  >>  ■  ■  I.  !> ill   I  In1  <  !>•  1 1.  >-i  t .  ■.  I  HUWC  -iill   .->  hi  i  ;i  hi-   ii  little  arsenic  and  tin-  lohition  a 
ui.iil   i|u.Miiiiiv   of  ammonium   arsenate.     If,   however,    the  iimmoniaeal  solution 
continuing  the  silver  nitrate  And  ammonium  orscnite  1.1  healed  to  lioilinK,  (hen  the 
i  •  ni to  is  oxidised  quantitatively  lo  arsenate  with  deposition  of  silver.* 
2  Ag+  +  AsO, 4-  OH"  —  HAsO, —  -f-  2  Ag. 

1  mler  their  i-oii.lnii.ri>-  eight  atom*  of  silver  are  deposited  from  each  original 
iiM.lrrul.  of  ursine 

A.-.H.  +  8  Ag+  -f  11  OH-  -AbO.-—  +7H.O  +  !iAg. 

If  the  deposited  silv.r  Ii  filter.-.!  .iff  ami  the  filtrate  carefully  neutralized  with 
in  t rii-  acid,  a  brown  precipitate  of  silver  arsenate  is  formed. 

Somewhat  less  sensitive  than  the  original  Gutzeit  test,  although 
v>  i  v  satisfactory,  is  the  modification  recommended  by  Fliickiger  t 
and  Lehmann. t 

tftllMd  "I  :ill'iwini!  tin-  ..r-iiu-  (0  •"•'  Upon  tfv.  i  i  m  1 1 1  :•*«.-.  I. linn  il  into  .-.intact 
v,  1 1  Ii  mercuric  ehlnnile  $  paper,  which  is  turned  yellow  by  a  little  amine  and  reddish 
brown  by  ennsi.  limbic  ursine.  || 

The  exact  composition  of  these  compounds  is  not  known  definitely.  Possibly 
.WHgCl),  is  formed  first;  and  then,  by  further  aetinn  of  A»H,,  A*H(HgCI),  and 
AsiHgi  are  formed. 1 

AsHs  4-  3  HgCl,  —  3  HC1  4-  As(HgCl),, 
2  As(HgCl)a  4-  AsH,  -*  8  AsH(HgCl),, 
AsfHgCl),  4-  AsHj  —  3  HC1  4-  AszHga. 

These  arsenic  compounds  are  eharaetcriwd  1.-.  their  i ni-n >l i il .ility  in  80  per  cent 
alcohol. 

Siil line  gives  no  reaction  in  this  test  when  little  of  it  is  present,  hut  the  presence 
of  somewhat  more  of  it  causes  the  formation  of  a  limwn  spot  which  is  soluble  in 
alcohol.  If.  however,  smsiJci  ud  antimony  an  both  prescot,  the  former  is  recog- 
nised h\  i  ut turn:  0u1  ilu  spot  from  the  rest  of  the  filter-paper  and  placing  it  in  80 
.-it  alcohol,  whereby  the  brown  spot  due  to  the  antimony  is  removed  in  a  short 
time  and  the  yellow  arsenic  spot  appears  plainly.  When  considerable  antium ni- 
ls present,  the  tent  fails;  a  gray-black  spot  is  produced  which  does  not  disappear 
on  treatment  with  alcohol. 


•  Cf.  Hr.cKi  »:mkn,  Lockemaxn.  and  F^khariit,  7..  anal.  Chrm.,  1907,  671. 

t  Atth.Pharm.  |3),  1889,  87. 

%  Pharm.Zlg.  BsrJfcl,  1892,  38. 

}  To  prepare  the  mercuric  chloride  paper  moisten  some  filter-paper  with  an 
.alcoholic  solution  of  mercuric  chloride,  allow  the  alcohol  to  evaporate  and  repeat 
the  process  low  ..r  liv.-  rime*. 

|i   Ai  I      ithklf,  J.  Soc.  Chrm.  Itiii.,  22,  1!)1  (1903). 

^  Resides  the  above  compounds,  AsIlidlgOl)  and  A*>Hgi  are  snid  to  exist.  Cf. 
Partheil,  dnrA.  Pharm.,  237,  121. 
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3.  The  Reinsch  Test  is  very  easy  to  make,  but  it  is  not  as  sensitive 
as  the  tests  just  mentioned.  It,  dejHMids  upon  the  fact,  lh:it  when 
a  strip  of  polished  copper  foil  is  added  to  a  solution  of  tirscnious  acid, 
the  copper  is  colored  gray  owing  to  the  deposition  of  Cu»AS|  on  the 
copper. 

From  concentrated  solutions  the  arsenic  separates  out  in  the  cold, 
but  from  dilute  solution  only  on  warming.  If  considerable  arsenic 
■  present,  the  gray  copper  arsenide  drops  off  from  the  copper.  Anti- 
mony is  also  precipitated  on  copper  from  its  solutions,  so  that  the 
deposit  must  be  tested  for  arsenic  in  the  dry  way.  Arsenic  acid  is 
iiUo  reduced  by  copper,  but  only  on  warming. 

The  Reinsch  test  is  often  used  in  testing  wall-papers  for  arsenic. 
The  pieces  of  paper  are  treated  with  a  little  hydrochloric  acid  (1  : 2), 
:i  piece  of  copper  foil  added,  and  warmed.  A  gray  deposit  on  the 
copper  indicates  the  presence  of  arsenic. 

To  confirm  this  test,  the  piece  of  gray  copper  foil  il  placed  in  a 
tube  of  difficultly  fusible  glass  und  heated  in  a  stream  of  hydrogen 
g&s;  an  arsenic  mirror  ia  produced  which  can  be  tested  as  described 
on  p.  250. 

Detection  of  Arsenic  in  Human  Organ* 

To  detect  small  quantities  of  arsenic  present  in  the  organs  of  penton*  who  have 
probably  died  from  poisoning,  it  ia  necessary  in  the  first  place  to  destroy  all  the 
organic  tissue;  this  may  be  accomplished  by  the  action  of  sulfuric  and  nitric  acids-* 
Place  200  g.  of  the  organ,  200  CM  "f  "niceulrated  nitric  acid  and  5  M,  of  2  per  cent 
p.  MiKiiiiN.n.'irr  v,,luiinn  iii  :i  -Mil.  i  ll.-i-l.  ,unl  Iinil  until  ("inning  cease*  Then 
transfer  the  solution  to  a  1 -liter  flask,  riuaiiig  out  the  larger  flask  with  100  oc.  of 
cuncenlraud  nitric  arid  and  100  cc.  of  water.  Boil  four  houni.  or  until  the  solution  Li 
reduced  to80cc.  in  •.  uliimc.  Add  lOOcc,  of  concentrated  sulfuric  acid  and  evaporate 
till  fume*  "f  «»ilfurie.  acid  are  evolved.  Cool,  add  2  or  3  cc.  of  MDMMtftfeld  nitric 
acid  and  again  hent  until  white  fumes  arc  evolved  and  repeat  this  treatment  with 
nitric  acid  about  siv  times.  Then,  when  all  the  nitric  acid  hai  been  expelled,  cool, 
dilute  with  100  cc.  of  water  and  teal  the  solution  by  tlm  Marsh  t«t. 

To  determine  the  t/ntmlitii  nf  .iiM-rue  prewnt,  transfer  the  wdution  Ui  a  <Im  ilium 
flank,  add  20  cc.  of  concentrated  atilfurir  acid,  .10  gnw.  of  unburn  chloride,  1  gin.  ol 
potawnim  chloride  mill  ID  kmi.v  of  ferrous  sulfate  crystals.  Distill  into  a  Hank 
containing  50  gro*.  ol  m. ilium  bicarbonate  and  100  cc.  of  water  until  all  the  sobd 
bicarbonate  dissolves.  Titrate  the  sodium  arsenite  solution  thus  obtained  with 
iodine  as  described  in  Vol,  II.  A  blank  experiment  should  be  made  with  all  the 
reagent.-  i"  in  -Hie  iJmi  liny  are  free  from  arsenic. 


•  Cf.  Gautibb,  Bull.  aoc.chim.  Paris,  25,  252  (1875);  CbIVI'MMM  and  Donald- 
s.in,  Ir,.  ijhtm.  J.,  11,  230  (1880-1,1;  JuAfuiwuuHi,  Arrh.  up.  Pttih.  Pharm.,  78, 
l-I0(19Ui. 
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Reactions  in  the  Dry  Way 

Metallic  arsenic  burns,  giving  off  a  garlic  odor.  Mixed  with  sodium 
(iibonate  and  heated  on  charcoal,  all  arsenic  compounds  give  this 
odor. 

Oxygen  compounds  of  arsenic  are  easily  reduced  to  metal  in  the 
upper  reducing  flame.  On  holding  a  porcelain  dish  (glazed  on  the 
outside  and  filled  with  water)  directly  over  the  sample,  the  arsenic 
vapors  are  condensed  on  the  dish,  forming  a  brownish-black  coating 
wliii  h  ia  soluble  in  sodium  hypochlorite  solution,  disappearing  in- 
stantly, the  arsenic  being  oxidized  to  arsenic  Mid: 

As«  +  10  NaOCl  +  6  H,0  =  10  NaCl  +  4  H,AsO«. 

If  the  porcelain  dish  is  not  held  closely  above  the  reducing  flame, 
but  above  the  upper  oxidizing  flame,  the  arsenic  vapors  are  bururd 
with  a  bluish  flame  to  white  arecnious  oxide  which  deposits  on  the 
diaL 

If  this  deposit  is  moistened  with  silver  nitrate,  and  ammonia  vapors 
blown  upon  it,  a  yellow  coloration  due  to  AgsAsOj  is  formed,  which 
disappears  if  more  ammonia  is  ullowed  to  net  upon  it  (difference  from 
antimony): 

Aa,0, 4-  6  AgNO,  +  3  H,0  =  2  AgjAsO,  +  0  UNO,. 

The  ammonia  serves  to  neutralize  the  nitric  add  formed  by  the 
reaction,  but  the  precipitate  dissolves  in  excess  of  ammonia  as  well 
as  in  nitric  acid 

The  microehemical  method  of  Hnrtwirh  and  Toggenburg  *  is  often  useful  when 
the  arsenic  is  present  as  trioxide.  Prepare  a  glass  cylinder  aljout  12  mm.  in  diam- 
eter and  10  mm.  in  height  and  make  sure  that  both  the  upjier  and  lower  edges  are 
MiKMplh       Pint  ill"  cylinder  upon  a  hiiiiiH  watch-glnm  and  |M>ur  into  it  a  little  of 

i  ..tin-  to  Im  t < — : i ■  - 1 .  v.i'ii  mixed  rift  Ignited  nod    Cow  ft*  cylinder  rift 

n  flnt  rIox*  slide  about  fiO  mm.  uqunre.  Ural  the  watch-glass  v.-ry  riini'iilk  rift 
the  flame  from  a  unnll  burner;  the  flame  should  DO)  be  over  5  mm.  high  and  '■"  [•> 
40  mm.  Mow  the  watch-glow.  After  DM  ting  ten  or  BlMB  mirniti--,  iDOw  to  cool 
■lowly  and  finally  examine  the  bottom  surface  M  the  gin**  slide.  If  arsenic  is  present 
as  trioxide,  it  will  have  sublimed  nnd  the  vapors  will  have  condensed,  upon  the  slide 
for  the  most  part,  in  the  form  of  heiitit  ifkd  octahedrons,  the  sltapo  of  which  ia  very 
distinct  when  viewed  under  the  microscope.  These  crystals  are  visible  when  only 
0.01  rag.  of  arsenic  is  present.  The  sublimate  may  be  identified  further  by  the 
reaction. 

Arsenic  trioxide  or  trisulfide  is  readily  reduced  to  metallic  arsenic  by 
fusion  with  a  mixture  of  3  parts  sodium  carbonate  and  1  part  potassium 
cyanide.     With  the  oxide  the  cyanide  is  changed  to  eyanate  but  with 

•  Sckwtit.  Wothmxhrift,  /Or  Chem.  v.  Pharm.  1909,  No.  52,  p.  1. 
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Uip  sulfide  some  thioeyanatc  is  fornusl.  The  reaction  ^iicree.1.-  with 
arsenites  provided  the  cation  iH  not  reduced  by  potassium  cyanide  at 
j  uUl<  uri  jirscniili-  which  isc.i.-ilv  dccomiwsed  \>y  heating.  This  reaction 
is  recommended  by  J/resenius  and  Balx)  as  most  suitable  for  detecting 
the  presence  of  small  quantities  of  arsenic.  They  recommend  the  fol- 
lowing procedure: 

Triturate  I  lie  perfectly  dry  arsenic  compound  with  3  times  as  much  dry  potas- 
siurn  cyanide  and  9  times  as  niiu-h  sodium  carl>onatc.  in  a  mort.'ir  ulneh  h.is  | 
warmed.  To  avoid  contact  of  the  fusion  miviurc  with  gltis*,  which  it*  likely  to 
contain  arsenic,  place  the  mixture  in  a  small  poreelain  bo*<  and  introduce  Um  bott 
into  a  piece  of  glass  tubing  which  is  drawn  out  into  a  capillary  at  one  end.  Connect 
the  other  end  of  the  tubing  with  a  carbon  dioxide  gencratnr,  nil.  iihnuuk  a  wash 
bottle  with  a  little  sulfuric  acid  to  dry  the  eail.un  dioxide.  The  |j"rei'l:iin  boat 
should  rent  in  the  middle  of  the  glass  tube.     With  a  moderate  stream  of  curium 

dioxide  passing  through  the  apparatus,  hettt  (lie  whole  length  of  the  glass  lube  tp 
remove  all  moisture,  then  shut  nil  Ihellowof  gas  somewhat  and  heat  the  mil  of  the 
lulie  where  the  euii.;trietion  begins.  When  this  is  hot  plum-  luiother  lamp  under 
the  porcelain  l>oat  and  QQBtbMM  hfflUtlf  OBtfl  all  the  uracuic  is  expelled.  Moat  of 
it  will  condense  in  the  narrow  tubing  hut  some  may  iwn|M'  into  the  air  arid  give  a 
garlic  odor.     0.01  rng.  of  axscniou*  acid  will  produce  u  visible  mirror  of  arsenic-. 

Antimony,  Sb.    At.  wt.  1205 

8p.  Gr.  -  6.7-4S.8.     M.  It.  -  fl3u"  C.     U.  It.  -  about  1450*  C. 

Occurrence.  —  Antimony  seldom  occurs  free  in  nut  me,  althotiKh 
large  amounts  of  the  metal  have  been  found  recently  in  Australia. 
The  most  important  compounds  containing  antimony  arc  (as  with 
arsenic)  the  sulfur  compounds.  Stihnitc.  Sb)S ■..  orthothotnbie,  is 
found  in  Japan  in  beautiful  crystals.  The  occurrence  of  kcrmesite, 
StfeOSt,  is  interest  inn,  BUB  this  ctiiiipouinl  h  often  met  with  iti  analysis. 

Of  the  oxygen  compounds  the  dimorphous  antimony  trioxide  is 
known  as  isometric  scnartnont.it e  and  orthorhombic  vah-nimite. 
Antimony  also  occurs  in  many  thio  salts,  of  which  the  tri basic  silver 
thioantimonite,  or  pyrargyrite,  AgjSbS,,  may  be  mentioned. 

Antimony  is  a  silver-white,  brittle  metal.  It  bums  readily  in  the 
air  to  antimony  trioxide.  The  solvent  for  antimony  is  aqua  regie, 
by  which  it  is  converted  into  the  trichloride  or  pentachloride.  Nitric 
acid  attacks  antimony,  changing  it  into  Slid),,  which  dissolves  slightly 
in  concentrated  acid,  but  is  insoluble  in  dilute  acid.  Antimony  dis- 
nol  ly  in  a  mixture  of  nitric  and  tartaric  acids,  and  in  a  mixture 

of  bydroehloric  oeid  and  bromine. 

Antimony  forms  three  oxides:  antimony  trioxide,  Sb*Oj;  anti- 
mony iHtiKixiile,  .S1),0,;  and  antimony  tctroxide,  SbfOtj  wliich  may 
\x>  regarded  as  antimonous  antimonate,  and  is  a  very  indifferent  sub- 
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st  aiu-f  chemically.  Antimony  trioxide  as  a  rule  shows  basic  properties, 
while  antimony  pentoxide  has  more  the  character  of  an  acid  anhydride. 

A.     Compound*  of  Antimony  Trioxide 

By  burning  the  metal  in  the  air,  the  trioxide  is  obtained,  which  on 
stronger  ignition  in  the  presence  of  air  is  changed  to  the  inert  Sb»0«. 

The  trioxide  is  dissolved  by  concentrated  hydrochloric  acid,  form- 
ing antimony  trichloride,  a  compound  which  (like  bismuth  chloride) 
is  readily  chanjeed  into  a  basic  salt  by  the  action  of  water,  the  decom- 
position of  which  depends  upon  the  concentration  of  the  reacting  sub- 
Btances.  Thus  antimonyl  chloride,  SbOCI,  is  known,  which  is  formed: 
according  to  the  following  equation: 

SbCb  +  H,0  *a  2  HC1  +  SbOCI. 

In  the  presence  of  a  large  amount  of  water  some  oxide  is  also  formed: 
■2  SbOCI  +  H.0  r±  2  MCI  +  Sb,0,. 

A  mixture  of  antimonyl  chloride  and  antimony  trioxide  is  known 
as  "algarot  "  powder,  S!,,i ),-!.'  Sb<  H  I 

By  boiling  with  considerable  water  the  oxide  alone  is  obtained. 

Antimony  trioxide  forms  three  hydroxides,  which  behave  as  very 
weak  acids:  orthoantimonous  acid,  HiSbO,;  pyroantii  notions  acid, 
H«SIj,Ob;  and  the  hypothetical  lnctantimonous  acid,  HSbO,. 

Salts  of  the  metantimonous  acid  are  known,  although  the  free  acid 
itself  has  never  l>ecn  isolated,  (  )n  boiling  the  oxide  BbsOj  with  con- 
centrated caustic  so<la  or  potash,  it  goes  into  solution,  but  on  dilution 
with  considerable  hot  water  Bb»Oi  separates  out  again.  On  filtering 
this  off,  tetragonal  crystals  of  NaSbOj  arc  deposited  in  the  filtrate  on 
km. ling;    they  are,  bom  very  unstable,  and  are  decomposed  by 

standing  in  the  air  into  sodium  carbonate  and  antimony  trioxide. 
By  dissolving  antimony  trioxide  in  strong  alkali,  the  orthountimonutc 
is  probably  formed, 

Sb,0,  +  6  OH-^2  SbO,—  -f  3  H,0, 

which  is  hydrolyzed  on  dilution  into  metantimonite  and  alkali  hy- 
droxide: 

SbQf  "  "  +  H*0  —  2  OH"  +  SbOT. 

The  latter  is  decomposed  by  more  water  into  trioxide  and  alkali 
hydroxide;  so  that  on  adding  to  a  solution  <>f  the  trichloride  either 
sodium  hydroxide  or  carbonate,  an  almost  quantitative  precipitation 

of  BUOi  will  be  obtained: 

2  BbCIi  +  6  NaOH  =  6  NaCl  +  3  H,<)  +  Sb-O,; 
2  SbCU  +  3  Na,CO,  =  0  NaCl  +  3  CO,  I  +  Sb,0^ 
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Antimony  oxychloride,  SbOCl,  contains  the  univalent  group,  SbO+, 
which  is  known  as  tin-  antimony!  ({roup. 

Antimony  uxyrhloridr,  therefore,  can  1m>  regarded  as  antimonyl 
chloride.  Antimonyl  nitrate  8bO(NO»),  is  also  known,  and  anti- 
monyl sulfate,  (SbO)|S04.  All  these  OOmpouni  I ■  arc  easily  hydrolysed 
into  acid  and  oxide,  so  that  they  are  rarely  met  with  in  the  course  of 
analysis,  with  the  exception  of  antimonyl  chloride. 

The  antimonyl  compounds  of  certain  organic  acids  (such  as  tar- 
taric acid)  are  very  much  more  stable. 

On  boiling  antimony  trioxidc  with  a  solution  of  potassium  acid 
tartrate,  it  dissolve*,  forming  the  so-called  "tartar  emetic," 

2  KHC^Oa  +  SbjO,  -t  HsO  +  2  K(SbO)CtH«Oa, 

which  is  comparatively  soluble  in  water.  100  cc.  of  water  dissolve 
5.8  gD».  at  8.7*;  7.9  gins,  at  21°;  12.2  gins,  at  31°;  18.2  Kins,  at  50°, 
and  31.2  gms.  at  75°. 

Not  only  antimonyl  oxide,  SbjO,,  but  all  antimonyl  compounds, 
form  a  complex  anion  with  tartaric  acid  or  with  a  tartrate;  thus,  anti- 
monyl chloride  dissolves  in  Rochelle  salt,  or  in  tartaric  acid: 


C«H«0«-  "  +  SbOCl 
HiCHiO.  4-  SbOCl  - 


-Cl-  +  [(SbO)C.H«0,]-; 
HCI  -f  H|(8bO)C1H<Ol]. 


Tartar  emetic,  KfSbOKMI.O,  •  \  H/>,  is  Ihe  moBl  important  antimony  compound 
cif  coiiuncri-e.  Consequently  it  will  be  worth  while  to  suy  n  f«w  words  with  regard 
to  it«  tielmviiir  toward  arid*. 

K  nn  aqueous  solution  of  potassium  antimonyl  tartrate  is  treated  with  hydro- 
chloric acid,  a  white  precipitate  of  antimonyl  chloride  in  formed, 

K(SbO)C,H,0,  +  2H*f  QT  -  HrC.HeO,  +  K+  +  SbOCl, 

which  readily  dissolves  in  more  hydrochloric  acid, 

SbOCl  +  2  HCI  ja  HiO  +  SbCli, 

but,  on  the  addition  of  more  water,  it  is  rcpree.ipitated,  ete. 

Sulfuric  and    I  prmpitati    ort  Innint  iiinmou*   acid  from  •  solution  of 

petenium     iiiiirni.il>!    I:  rlmtej     fat    ilir    niiiiiihuiyl    nOnpOUIld,    w!ni"i    \-   H    MrM 
formed,  is  immediately  decomposed  by  water, 

[(8bO)CH,0,)-  +  H+  +  2  fW)  -.  H/VI A  +  H.SbO,. 

Reactions  of  .intimonous  Compound*  in  the  Wet   Way 

1.  Water  precipitates  at  first  a  basic  salt,  which  is  changed  into 
oxide  by  more  water. 

2.  Sodium  Hydroxide,  Ammonia,  and  Alkali  Carbonates  precipi- 
tate the  amorphous  hydrated  oxide. 
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3.  Hydrogen  Sulfide  preeipitatee,  from  solutions  which  arc  not 
too  acid,  Boeoulont,  orange-nd  aatimony  bisulfide: 

2SI>*"  +  3H:s    ■i;\v  +9b&t- 
As  is  indicated  in  the  equation)  the  BBtimoB)  bisulfide  li  in  Bquflibriuno  wtth 

hydrogen  ions;  in  12-DOnBSl  MM  it  w  readily  soluble  (difference  from  arsenic). 
On  thi:  other  hand,  antimony  sulfide  is  Ion  soluble  in  acid  than  is  tin  sulfide  and  it 
can  lie  precipitated  from  a  solution  which  m  minimi  in  acid  concentration  The 
tnsullides  of  both  tin  and  antimony  are  somewhat  more  soluble  than  the  penta- 
mlfidra.  If  a  solution  of  antimony  in  concentrated  hydrochloride  is  to  be  treated 
with  hydrogen  sulfide  und  l  lit  solution  is  first  diluted,  a  precipitate  of  ShOCl  in 
likely    |0    form.     This  doe*  no    hnriii     tv   hydrogen  nulfidc  will   change   aiitiiuoiiyl 

chloriiJc  into  the  Ian  soluble  tmulfide.    if  If  bj  tabid  t<>  pstdpftatfl  the  sulfide 

without  nny  formation  of  untimonyl  chloride,  the  solution  .should  ho  >.-.i  nr:t  I .-. I  with 
hydrogen  sulfide  before  it  hi  diluted,  then  diluted  and  again  saturated  with  hydrogen 
sulfide. 

By  heating  orange  antimony  sulfide  in  an  inert  atmosphere  (OOi)  it  Is  changed 
U>  black  antimony  triaullidc.  By  roasting  in  the  tux,  aiilim-my  lelroxidc,  SI .|0»,  is 
formed.       Heated  with  midium    nitratr,    'i    mivl.iirc  ■  >t"   sodium    -.ulhite    und    pyroiuiti- 

inoniiti-  isj  formed.  Heated  in  chlorine,  or  with  u  mixture  of  6  part*  ammonium 
chloride  and  1  purl  ammonium  nitrate,  the  antimony  is  changed  to  chloride  which 
can  be  volatilized  though  lc«  readily  thmi  in  the  cane  of  tin  >nn. ending  nraeaiic 
compound. 

Antimony  trisuifidc  i»  soluble  in  ammonium  sulfide,  forming  it 

soluble  thio  salt: 

Sb,SJ  +  3S---»2|SbS,r 

The  triammonium  salt  haa  never  been  isolated,  the  mono  salt,  NH.SbSi,  alone 

being  known  in  the  solid  m» nt«-.      In  suluti however,  particularly  in  thr  presence 

of  considerable  ammonium  nullide,  the  SI>S,  ion  is  prohuhly  present. 

If  yellow  ammonium  sulfide  is  employed,  ammonium  salts  of  thio- 
antimonic  acid  are  obtained: 

Sb,S,  +  2  (NH,),S,  =  (NH^bS*  +  NHiSbSi. 

If  the  solution  of  ammonium  thioantiiuoiiitc  is  boiled  for  a  long  time 
in  the  air,  the  red-colored  oxysulfide  is  often  precipitated: 
2  (  Ml,),si>s,  i    1  < >..  -  .'  |  NTHiW)i  +  2  NH,  T  +  H,0  +  Sb,S,0. 

By  boiling  antimony  chloride  with  sodium  thiomilfate.  the  oxy- 
sulfide is  also  obtained, 

2  S5+++  -(-  3  Sj(V  "  —  4  S(),  T  +  SthSjO, 

which,  on  being  warmed  with  ammonium  sulfide,  redissolves,  forming 
the  thio  sail. 

Antimony  trisulfide  is  also  soluble  in  <  nustic  alkali,  forming  thio 
and  oxyrhin  salta: 

Sb-S,  +  2  ( )ir  =  rl,<)  +  ( )SbS-  +  SSbS" 
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Thtsc  f  lii 1 1  salts  an-  decomposed  by  acids,  precipitating  antimony 
trisulfide,  with  evolution  of  hydrogen  sulfide, 

2SbST~"-  +  6  H*  —  3  H,S  T  +  Sb,S»; 

2  SbSr-"  +  6  H+  —  3  HjS  f  +  Sb3Ss; 

OBbS"  -f  SSI'S-  +  2  H+—  H50  +  Sb,S,. 

Boiling  a  solution  of  antimony  trisulfide  in  potassium  hydroxide  or  alkali  sulfide 
with  bismuth  oxide  result*  En  the  formation  of  insoluble  bismuth  sulfide  snd  soluble 
.intimoaitc 

BJ.O,  +  Bt>8, -B1.&  +  8bO, . 

If  the  nlkuliin-  lilioantirnoniK'  suifiiti.ni  ih  lmil.il  with  i-ii|irii-  oxide,  insoluble  cuprous 
and  cupric  sulfide*  and  soluble  antimonite  are  formed: 

4  CuO  +  tftcV""  —  SIO4 +  CmS  +  2CuS. 

4.  Zinc  precipitates  metallic  ant  iniony  from  solutions  of  antimony 
compounds.  If  a  piece  of  platinum  foil  and  a  little  zinc  are  placed  in 
an  antimony  solution  containing  hydrochloric  acid,  so  that  the  two 
metals  touch  one  another,  the  antimony  is  deposited  on  the  platinum 
in  the  form  of  a  black  stain  which  does  not  disappear  on  removal  of 
the  zinc  idifferencc  from  tin). 

Lead,  tin  and  other  metals  will  also  cause  the  same  reaction  to  take 
place  Of.  p.  45).  Zinc,  however,  unlike  iron,  tin  and  lead,  is  likely 
to  carry  the  reduction  farther  and  stibine  gas,  SbHj,  is  formed  with 
a  part  of  the  antimony : 

2  ffl>+*+  +  3  Zn  -*3  Zn++  +  2  Sb. 
Rb+*«  +  3  Zn  +  3  H+  —  3  Zn*+  +  SbII»  |  . 

The  atibine  behaves  like  arsine  in  the  Marsh  teat,  but  the  antimony 
1    Ion  vnl.it ile  nnd  less  soluble  in  sodium  hypochlorite  solution. 

5.  Potassium  Iodide  dues  not  set  free  iodine  when  treated  with 
an  antimonous  solution  (difference  from  antimonlc  compounds). 

6.  Ammonium  Thioacetate  and  Sodium  Thiosulfate  precipitate 
antimonous  sulfide  from  acid  solutions.  Under  suitable  condition*, 
"antimony  cinnabar  "  Sb&Oi  or  a  mixture  of  SO1S3  and  some  8b|0», 
u»  formed  with  sodium  thiosulfate. 

II      Antimonie  Compound* 
Antimony  pentoxide,  Sl.;n...  IB  Formed  as  a  yellow  powder  by  oxi- 

dixing  antimony  with  concentrated  nitric  acid  and  gently  igniting 
the  reaction  product  (antimonic  acid).  On  strong  ignition  it  loses 
oxygen  and  goes  over  into  the  very  stable  antimonous  antimoiintc 
S1>,04. 
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The  pentoxide  dissolves  in  concentrated  hydrochloric  acid,  form- 
ing the  pcntaehloride 

Sb,0&  +  10  IIC1  =  5  H,0  +  2  SbCU. 

If  this  solution  is  treated  with  water,  a  white  precipitate  of  anti- 
monic  oxychlorido,  SbOjCl,  is  formed,  which,  by  the  addition  of  more 
water,  is  changed  on  wanning  into  uiitiinonic  acid: 

SbCU  +  2  H,0  <=±  4  HC1  +  SbO£l, 
SbO.Cl  4-  2  HOH  «=t  HC1  +  H,SbO«. 

Tartaric  acid  prevents  the  precipitation  of  the  oxychloride,  as 
with  SbOCI  (p.  259).  Antimony  pentoxide  is  an  acid  anhydride, 
and.  like  the  corresponding  PjOj,  can  1)0  referred  to  three  acids,  ortho- 
ant  imonic  acid,  HjSbO«;  metantimonic  acid,  HSbOj;  and  pyroanti- 
monic  acid,  H«SbjOi,  which  have  all  been  isolated.  The  salts  of  the 
metantimonic  and  pyruant imonic  acids  are  the  most  common.  The 
trimetallic  salts  of  the  ortho  acid  have  never  been  isolated,  but  the 
monometallic  salts  are  known  to  <>xist.  All  antimonates,  being  suits 
of  a  weak  acid,  are  very  unstable,  being  easily  hydrolyzed  by  water. 

If  antimony  pentoxide  is  fused  with  an  excess  of  caustic  potash, 
the  product  of  the  fusion  probably  contains  the  trimetallic  salt  of 
orthoantitnonic  acid.  If,  however,  the  melt  if-  dissolved  in  :i  littlr 
water  and  allowed  to  crystallize,  deliquescent  crystals  of  potassium 
pyroantimonatc,  K^SbtOi,  are  formed. 

The  ortho  salt,  which  is  first  formed,  is  decomposed  by  water  as 
follows: 

2  K,SbO«  +  H.O  i=t  2  KOH  +  K«8b,Or. 

By  the  action  of  considerable  cold  water  (or  more  quickly  by  rapid 
Imiling  with  less  water)  this  deliquescent  salt  is  gradually  changed 
into  the  acid  salt,  losing  KOI  I, 

K£b»Oi  +  2  HiO«=*2  KOH  +  K,il,si>,0>, 

which  separates  out  with  6  molecules  of  water  as  a  granular  powder, 
difficultly  soluble  in  cold  water.  It  dissolves  to  a  considerable  extent 
in  water  at  about  40°-508  C. ;  this  solution  is  used  in  testing  for  sodium, 
as  the  sodium  salt  is  very  much  more  insoluble  in  water. 

On  boiling  the  granular  potassium  salt  for  a  long  time  with  con- 
siderable water,  it  gradually  takes  on  water,  forming  the  easily  soluble 
monometallic  salt  of  orthountirnonic  acid, 

K,H,SUO,  +  H,0  j=k  2  KBSbOt, 

which  is  obtained,  on  evaporating  the  solution,  as  a  gummy  mass  of 
the  composition  2  KII.SI>(),  -f-  Ht0,  but  on  boiling  the  aqueous  solu- 
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tion  for  ft  long  time,  more  KOII  is  lost,  with  the  formation  of  amor- 
phous orthoantiinonic  ftcdd: 

KHjSbO*  +  HtO  t±  KOH  +-  HjSbO,. 

All  antimonates  are  decomposed   by  acids,  amorphous  antimonir 

urid  separating  out. 

The  gummy,  monometallic  salt*  give  an  amorphous  precipitation 
with  sodium  salts,  gradually  becoming  crystalline,  while  the  potas- 
sium pyroantimonate  gives  a  crystalline  precipitate  immedifttetjr. 

The  relations  of  antimonou*  to  ontimonic  snlt*  and  of  untimoniuw  to  antimo- 
nates,  are  on  the  whole,  similar  to  the  comspondinK  relations  with  arsenic.  In  the 
lnidicr  state  of  oxidation  the  acid  properties  axe  more  pronounced  than  the  basic 
erttm,  hut  antimony,  being  lower  in  same  group  of  the  periodic  table,  is  more 

tic  than  arsenic. 


Heartions  of  Antimonir  Compound*  in  tlie  Wet  Way 

1.  Hydrogen  Sulfide  precipitates  from  fairly  acid  solutions  the 
orange-red  pentasulfide : 

2  Sb""-^  +  5  ITjS  —  10  H+  +  Sb,St. 

Antimony  pentasulfide  is  soluble  in  12-normal  hydrochloric  acid, 
forming  antimony  trichloride,  with  deposition  of  sulfur  and  evolution 
of  hydrogen  sulfide: 

Sb,S4  +  6  HCI  —  a  H,S  I  -f  2  S  +  2  ShCI,. 

It  also  dissolves  (like  the  trisulfidc)  in  alkali  sulfides,  and  in  alka- 
lies and  in  ammonia  hydroxide,  but  not  in  ammonium  carbonate.     By 
treatment  with  an  alkali  sulfide,  a  thio  salt  is  obtained, 
Sb,S,  +  3S---+2  8bS<      ", 

which  is  decomposed  by  the  addition  of  acids,  forming  the  insoluble 
pentasulfide  with  evolution  of  hydrogen  sulfide: 

2  SbST  -  '  +  6  H+  -*  3  HSS  J    +  Sb,S». 

Alkalies  dissolve  the  pentasulfide,  forming  thio  and  oxy-thio  salts: 

sb,s»  +  ii  on-  -» BfaBr _ "  +  B  •  sbor~"  +  3 1 

2.  Hydriodic  Acid  reduces  antiraonic  compounds  in  acid  solutions, 
with  separation  of  iodine  (difference  from  antimonous  compounds): 

ab-H+4++2r"-*8b++++i», 

3.  Zinc,  Tin,  Iron,  Aluminium,  Magnesium  and  other  BWteJfl  above 
hydrogen  in  the  potent  inl  scries  reduce  antimony  compounds  to  metallic 
antimony  in  acid  solutions: 

5Zn  +  2SbOr-"-r-16H+-*2Sb  +  oZn++  +  8HiO. 
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If  an  antimony  solution  is  placed  in  contact  with  platinum  and  *inc 
(l>oth  metals  touching)  (beano  dissolves  but  the  antimony  is  deposited 
m  a  black  staia  on  tbe  platinum. 

Zinc,  however,  unlike  tin,  iron  or  lead,  reduces  some  of  the  anti- 
mony to  stibine  gas,  SbHj. 

4Zft  +  8bOi"  -"  +  11  H+  —  4  Zn++ +  4  H,()  +  SbH,  t . 

If  ihi'  Btibinc  i*  generated  in  a  Marsh  apparatus  (cf.  p.  IMdi,  and  the  gas  is  con- 
ducted through  ii  red-hot  gloss  tulic,  u  mirror  of  metallic  antimony  will  ho  deposited, 
as  with  arsenic.  Hut  as  stibine  is  mod)  more  ratable  than  ursine,  and  the  anti- 
nii>n\  itself  i«  murh  less  volatile,  the  mirror  w  found  nearer  tin-  In-ai.  .1  plscc  limn 
iit  the  case  with  arsenic  —  sometimes  even  before  the  hottest  part  of  the  tube  >- 
reached — as  the  decomposition  of  the  ItlUot  takes  place  it  a  tnueh  lower  tem- 
perature than  with  arsine. 

If  the  stibine  is  allowed  to  escape  from  the  tube  with  the  hydrogen,  it  hum-  with 
a  pale  icrcfiiitdi-whitc  flamv  to  witter  and  antimony  trioxide.  If  a  piece  of  glazed 
porcelain  is  lu-lil  illicitly  over  the  flame,  a  deposition  of  metallic  antimony  i*  obtained 
which  i*  unaffected  by  a  solution  of  sodium  hypochlorite  (difference  from  arsenic). 

If  stibine  is  allowed  to  act  Upon  a  solution  of  silver  nitrate,  a  black  precipitate 
of  silver  :ini  iinotiide  is  formed: 

ShFl,  -f-  3Ar+  -  Ag,Sb  +  3H+. 

Solid  silver  nitrate  is  turned  yellow  at  first,  then  black;  exactly  the  same  a*  by 
HMD*  (Cf.  P-  253). 

If  n  mirror  is  produced  in  the  Marsh  lest,  antimony  nuiy  l>c  dist.inpji-.lni I  from 
arsenic  by  the  fact  that  the  latter  is  easily  dissolved  by  sodium  hypochlorite  sohi- 
i  H  .ii.     Aii.itlni  method  fni  ill- 1  niKuifthinx  hrtv..'rii  I  in- two  metals  is  aa  follows: 

Detach  the  tube  containing  the  mirror  from  the  Mnreh  apparatus  and  paas 
hydrogen  sulfide  throuch  the  tulvc  while  hentinu  gently  in  the  reverse  direction: 
si  line  m  cbanged  to  yellow  sulfide  and  antimony  to  ontDge  -ullide  Pass  a  stream 
nf  dry  hydrogen  chloride  through  the  tube  and  the  orange  sulfide  will  disappear  but 

the  arsenic  sulfide  will  remain 

-I.  Ammonium  Thioacetate  and  Sodium  Thiosulfate  hdinve  toward 
antimony  solutions  about  the  same  as  does  hydrogen  sulfide. 

Keactiona  of  Antimony  in  the  Itry   Way 

Antimony  compounds  impart  to  the  flame  a  pule,  greenish -white 
color.  Heated  with  sodium  carbonate  on  charcoal,  a  brittle  metallic 
button  i>  obtained,  surrounded  by  a  white  incrustation. 

Compounds  containing  oxygon  arc  reduced  in  the  upper  reducing 
tl.itin  hi  metal,  which  is  volatile  mid  hums  in  the  upper  oxidizing 
flame  to  nioxide;  the  latter  citn  In-  deposited  on  a  glazed  porcelain 
surface.     If  the  deposit  is  m  d  with  silver  nitrate  solution,  and 

ammonia  blown  upon  it,  it  becomes  black,  owing  to  the  separation  « >f 

:illie  silv 

Sb,0,  +  4  AgNO,  +  4  MH,  +  2  H,0  =  4  NH.XO,  +  Sb,04  +  1  Ag. 
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Antimony  sulfide  fused  with  potassium  cyanide  gives  metallic  unli- 
mony  and  potassium  thioeyanate: 

3  KCN  +  Sb,St  —  2  Sb  +  3  KCNS. 

If  the  reaction  takes  place  in  a  bulb  tube,  or  in  a  stream  of  carbon 

dioxide,  I  IBgulus  of  metal  is  obtained  and  not  a  mirror  as  with  arsenic 

Beating  with  sodium  carbonate  and  potassium  cyanide  in  a  stream 

of4  hydrogen  givM  rise  to  an  antimony  minor  not  to  bom  the  decom- 

DOtJtiOD  zone. 

Tm,  Sn.    At.  Wt.  118.7 

8p.  Gr.  =  7  29.     M.  It.  =  232°  C.     B.  Pt.  =  about  1500*  C. 

OccuTTi-ncf  Tin  <I.m---  ik>I  occur  free  in  nature,  but  mostly  in  the 
form  of  the  dioxide,  as  letngOQftl  tinstone?,  or  cassiterite,  isomorphous 
with  rutile  (TiO»),  zircon,  and  polianitc  (MnOj). 

Tin  b  a  silver-white  metal,  which  is  ductile  and  malleable  ;tt  onli- 
nary  temperature*,  but  at  low  temperatures  and  near  the  melting- 
point  it  is  so  brittle  that  it.  oan  be  pnwilercd.  In  order  to  pulverise 
tin,  heat  it  in  a  porcelain  dish  till  it  melts,  remove  the  flame  and 
quickly  crush  the  substance  with  a  pestle.  It  soon  cools  to  about 
200°,  becomes  brittle  and  yields  a  fine  powder. 

Below  20°,  (cray  tin  is  formed  and  objects  made  of  tin  often  deteriorate  in  cold 
wt'ulhet  owing  i"  the  formation  of  this  allotropic  modification.  Wlien  once  formed 
ii  s|iri'M.l-  nvi-r  the  metal  Qny  tin  i-  ofti-n  ■-■•  l )•  ■■  I .  tiierefwe,  Nta  pal,  ami  at  low 
temperature  the  gray  tin  infrcU  the  sound  metal  and  makes  it  pon  dot) 

Abovi  — •  h i  iMili'irlniiiilm-  im  crystals  are  formed  which  are  hard  and  bnttle. 

Tin  is  soluble  in  hot,  concentrated  hydrochloric  acid  with  evolu- 
tion of  hydrogen: 

Sn+2H+  —  Sn++  +  H»T. 

In  the  presence  of  platinum  the  solution  takes  place  more  quickly 
and  at  a  lower  temperature.  Dilute  hydrochloric  acid  dissolves  tin, 
but  very  slowly 

Nitric  acid,  of  sp.  gr.  1.2  to  1.3,  does  not  dissolve  tin.  but  oxidizes 
it  to  metastannie  acid: 

3  Sn  +  4  HNO,  4-  HsO  =  3  HsSnO,  +  4  NO  T  . 

Cold,  dilute  nitric  acid  dissolves  the  metal  very  slowly,  without  any 

evolution  nf  gas,  funning  atiiuituiiiiiii  and  stannous  nitrates. 

In  thu  reaction  the  tin  is  given  two  |>otiitive  charge*  and  n  part  .>f  tin-  nitrogen 
of  nitric  acid  is  reduced  from  a  positive  valence  of  five  (toward  oxygen  1  to  a  negative 
valence  of  three  (toward  hydrogen  i  (herein  luring  •.■inlit  cluirg<.-e.  Thus  one  mole- 
cule ill   nitric  ncid  Olldbm  four  utoin?  ul  tin  and  ■  ii'.lit   moie  molecules  of  nitre 
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nro  ri><|tiirrfl   to  form  Btannou*  nitrate  and  one  to  form  ammonium  nitrate.     The 
whole  reaction  may  be  cxprmtwl  u*  follows: 

4  Sn  4-  10  UNO,  =  4  Sn(NO,),  +  NHiNO,  +  3  H,0. 
Aqua  regia  dissolves  tin,  forming  stannic  chloride: 

3  Sn  4-  4  UNO,  4-  12  HC1  =  4  NO  f  4-  8  H,0  4-  3  SnCU. 
Tin  dissolves  in  dilute  sulfuric  arid  very  slowly,  hut  readily  in  hot 
concentrated  acid,  forming  stannic  sulfate,  with  evolution  of  sulfur 
dioxM'  : 

Sn  4-  4  H,SOi  =  2  SO,  |  -|-  4  11,0  4-  Sn(SO«),. 

Tin  forms  two  oxides:  stannous  oxide,  SnO;  and  stannic  oxide, 
Sri( )..  Salts  lire  known  corresponding  to  both  these  oxides  —  stannous 
and  stannic  salts.  The  former  contain  bivalent  tin  and  the  latter 
quadrivalent  tin.  Tin  is  more  basic  in  its  properties  than  antimony, 
but  stannous  hydroxide  i>  slightly  amphoteric  (cf.  p.  54)  and  the  acid 
properties  of  stannic  hydroxide  are  more  pronounced. 


Stannous  Compounds 

Stannous  oxide  (according  to  the  nay  it  is  prepared)  is  either  an 
olive-green  or  a  black  powder,  which,  on  being  warmed  in  the  air, 
like  all  stannous  compounds  readily  changes  to  stannic  oxide.  By 
dissolving  stannous  oxide  (or,  better  still,  the  metal  itself)  in  hydro- 
ohlorio  aeiil,  M.inixiis  chloride  is  obtained,  which  is  the  most  impor- 
tant of  all  the  stannous  salts.  This  salt,  with  two  molecules  of  water 
of  crystallization,  SnClj  4"  2  11,0,  is  the  so-called  "tin  salt  "  of 
commerce. 

Fresh  crystals  of  "tin  salt"  will  dissolve  clear  in  a  little  water; 
if  more  water  is  adder!  the  solution  becomes  turbid,  owing  to  the 
formation  of  a  basic  salt, 

SnCl.  +  B*0«±HCI  4-  Sn(OH)CI, 

which  is  readily  soluble  in  hydrochloric  acid. 

The  clear  concentrated  solution  also  Ix-comcs  turbid  on  standing 
in  the  air,  Owing  to  the  formation  of  the  snui  salt. 

4  SnCl,  4-  O,  4-  2  H,0  —  4  Sn(OH)Cl  4-  2  CI,. 

The  chlorine,  however,  is  not  set  free,  but  unites  with  some  of  the 
stannous  ions,  forming  stannic  ions: 

Bn    '    i  CI,.    .Sn"^  +  2Cr. 

If  tin  tetrachloride  is  treated  with  metallic  tin,  the  latter  goea  into 
solution  and  the  former  is  reduced  to  stannous  chloride: 
SnCb  4-  Sn  =  2  SnClj. 
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Consequently,  in  order  to  keep  a.  solution  <»f  stannous  chloride  in 
the  stannous  condition,  hydrochloric  acid  should  be  added  to  prevent 
the  formation  of  the  basic  salt,  and  metallic  tin  to  keep  the  solution 

reduced. 

Such  a  solution  constantly  grows  more  concentrated,  owing  to  the 
gradual  dissolving  of  the  tin.  In  order  to  keep  a  solution  of  stannous 
chloride  at  a  definite  concentration  (only  Decenary  for  purpose*  of 
quantitative  analysis)  the  hydrochloric  acid  solution  should  be  kept 
out  of  contact  with  air  in  an  atmosphere  of  carbon  dioxide  without 
the  addition  of  metallic  tin. 

Nearly  all  stannous  compounds;  arc  colorless;  the  oxide  (as  already 
mentioned)  is  black  and  the  sulfide  dark  brown. 


Reactions  in   the  Wet   Way 

1.  Potassium  and  Sodium  Hydroxides  produce  a  white  precipitate 
of  gelatinous  stannous  hydroxide, 

Sn++  +  2  0H--*Sn(OH),, 
which  is  readily  soluble  in  an  excess  ol  the  precipitant,  forming  alkali 

st.'innito: 

Sn(OH).  +  OH "  -i  H,0  +  HSaOT. 

The  hydroxide  is  also  readily  soluble  in  hydrochloric  acid 
The   alkaline  solution  of  an  alkali   stannite    is  often   eh&ogsd.   to 
brownish  black  or  black  (particularly  on  warming,  or  when  very  con- 
centrated caustic  alkali  is  used),  owing  to  the  separation  of  <•■ 
metallic  tin  or  It&nfioUfl  oxide  (of.  p.  179): 

From  dilute  potassium  hydroxide  solutions  there  gradually  sepa- 
rates on  standing,  or  more  rapidly  on  beating']  the  black  mODOXide, 

HSnOT  —  OBT+SnO; 

and  from  quite  concentrated    ilk    li   the  precipitate  is  almost  wholly 
black  metallic  tin: 

2  HSnOT  — SnO,"  "  +  HtO  +  Sn. 

2.  Ammonia  and  Alkali  Carbonates  precipitate  the  white  hydrox- 
ide, which  is  not  absolutely  insoluble  in  an  excess  of  the  precipitant: 

Sn-"-  +  2  0ir-»Sn(OH),; 

Sn++  +  CO,"  +  H,0  —  CO,  T  +  Sn(OH),. 

A  large  quantity  of  tartaric  acid,  more  than  its  required  in  the  case 
of  antimony,  prevents  the  precipitation. 
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:i.  Hydrogen  Sulfide  produov  (in  Botuitom  whieh  arc  not  too  acid) 
a  brown  precipitate  of  stannous  sulfide, 

B«++  +  HaS  -*  2  H+  +  SnS, 

readily  soluble  in  strong  hydrochloric  acid;  therefore  no  stannous 
sulfide  is  precipitated  if  the  solution  is  very  acid.  After  diluting 
a  strongly  acid  solution  with  water,  however,  stannous  sulfide  is 
completely  precipitated  on  saturating  the  solution  with  hydrogen 
sulfide  gas. 

Stannous  sulfide  is  insoluble  in  ammonia  and  ammonium  carbon- 
ate (difference  from  arsenic);  also  in  colorless  ammonium  sulfide  (dif- 
ference from  arsenic  and  antimony);  but  is  readily  soluble  in  yellow 
ammonium  sulfide,  forming  ammonium  thiostannate: 

SnS  +  (NH4),8j  =  (NH4 J.SnS,. 

If  the  solution  of  ammonium  thiostannate  is  acidified  with  any  acid, 
yellow  stannic  sulfide  is  precipitated: 

SnST  "  +  2  H+  —  H,S  T  4-  SnS,. 

4.  Mercuric  Chloride  produces  in  solutions  of  stannous  salt*  a 
white  precipitate  of  mcrcurous  chloride: 

2  EgCIi  +  8n++  -»  Sn^-*-  +  2  CT  +  Hg2Cl«. 

But  if  the  stannous  chloride  hi  present  in  excess,  the  mcrcurous 
chloride  will  be  reduced  to  gray  mercury: 

Hg-Cl,  +-  Sn++  —  Sn+++*"  +  2  CI"  +  2  Hg. 

■}.  The  Gold  Test  is  much  more  sensitive.  If  to  a  solution  nf 
gold  chloride  a  solution  containing  a  trace  of  stannous  chloride  is  adrlei  I, 
finely  diTid«d  metallic  gold   will   D4   pi'e.-ipihited, 

2  All***  +•  3  Sn++  -» 3  8n+*++  +  2  Au, 

which  appears  brown  by  transmitted  light,  and  bluish-green  by  re- 
lle.teil  light. 

6.  Metallic  Zinc  precipitates  tin  from  both  stannous  and  stannic 
solutions  as  a  spongy  mass,  which  adheres  to  the  zinc: 

Sn+++2n^Zn+»-  4-  Sn. 

The  finely-divided  k|mjiik\  metal  is  easily  soluble  in  strong  hydrochloric  add! 
the  experiment  mud  aofe,  therefore,  !>*•  nude  m  ■Umiiely  nrid  Holutlona,  aa  the  tw 
is  loosened  from  the  aloe  by  the  dotal  cvuluiiun  of  In  rrdissolvwl  by 

»hc  arid.      TbC  Mat  i*  l«*l   Btnilc-  by  mlding  ..  (Imp  of  il.i-  unit   lOO  - 1  ■  ■  i  ■  >  •  ■■■ilution  fn 

•  of  platinum  foil,  and  then  placing  a  piece  of  bright  *inr  so  that  it  comes  in 
contact  with  both  the  solution  and  the  platinum.    The  tin  jb  precipitated  partly 
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on  tttt  *ino  nd  partly  on  the  platinum,*  in  faM  fi.nn  of  a  (tray  dUin,  libit i>  dis- 
appears from  (he  latter  aaaoon  aa  the  zinc  ■  retool  B  I.  provided  the  nolution  i 

arid   idilTerctirr   from  imtimony  i.      If  thr  zirn    i-   kepi    in   i-uutart   with   I  In    arid   Utilil 

the  evolution  of  hydrogen  casaea,  Uw  tin  (tain  trill  dot  disappear  Iron  tat  plat  iamni 

because  all  the  arid  has  Ihtm  used  up.  On  itddiiiK  B  few  drop<  ol  BOB0  titrated 
hydrochloric,  arid  to  the  platinum,  the  Mum  ipiiekly  disappears  with  ID  <-vnlii'.i"ii 
of  hydroicen.  The  reason  why  the  tin  is  daposftad  On  tin-  pl.ttmum  iintwitlixiandirui 
the  presence  of  aeid  is  that  n  galvanic  current  in  fanned  Kv  tin-  contact  of  the  nine 
with  the  platinum,  which  flows  from  the  tine  to  the  platinum;  the  platinum  thus 
serve*  a»  a  cathode,  and  the  tin  is  deposited  upon  it.  On  removing  the  zinc  the 
current  stops  and  the  stain  disappears. 

7.  Metallic  Lead,  as  is  evident  from  its  position  iti  the  electro- 
motive series  (cf.  pp.  41  and  44),  will  reduce  tin  to  the  metallic  state, 
but  the  reaction  will  stop  as  soon  as  the  concentration  of  Pb*-*  be- 
comes nearly  m  luge  u  thai  of  Sn+*j  when  the  ooBeentratton  of 

I*l>++  is  greater  than  that  of  Sn*+  the  reaction  will  take  place  in  the 

■  ■verse  direction.     It.  requires  a  relatively  low  1 0m nitration  of  II'  to 

stop  both  of  these  reactions,  as  both  tin  and  lead  arc  hixher  in  the 

atrial   than   hydrogen.     In  acid  solution,  however,  metallic  lead  will 

reduce  8nf  "  •  to  Bn**  (of.  p.  44). 
In  acid  solutions,  metallic  antimony  also  rcdinr>  stannic  salts  to 

the  st.'iiinoiis  condition: 


2  sb  +  a  So 


.■_.  ,<ir++  +  3  8n*». 


8.  Ammonium  Thioacetate  precipitates  tin  completely  aa  sulfide 
from  hot,  dilute  aeid  solutions: 

CII.OS-  +  Sn*+  4-  H,0  -»  SnS  +  HC,HaO,  4-  B+. 

9.  Sodium  Thiosulfate  gradually  precipitates  the  tin  from  solu- 
tions which  are  not  too  acid.  Sometimes  the  precipitate  is  chiefly 
stannous  sulfide: 

Sn++  4-  8,0,"  -  4-  H,0  -»  SnS  4-  2  H+  4-  SO,"  " 
Sometime*!  the  precipitate  contains  stannic  sulfide  and  melastannic 

add; 

6  Bnr*+  +  2  S,OT~  +9H,0^ SnS,  4-  5  H,SnO>  4-  2  S  4-  8  H\ 
If  the  solution  is  very  acid,  considerable  thioaulfate  must  he  added: 
8,a--  4-  2  11'  -  S  4-  II,Q  4-  SO,  1  . 
and  to  some  extent  the  SO,  reacts  with  Sn^: 

3  Bn++  +  SO,  +  6  H+  -  3  Sn*~+  4-  H,S  T  4-  2  H,0. 


•  In  weakly  acid  ■oIutinriH  tin  i-  precipitated  chiefly  on  the  »inc;   in  stronjjy 
add  lolultoftS,  chiefly  on  the  platinum. 
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10.  Bismuth  Nitrate  added  in  small  <i  to  .in  alkaline  solu- 
tion of  a  tin               -  a  white  precipitate  of  bismuth  hydroxide  which 

rapidly  I  •>  I  lack  metallic:  bismuth. 

2  K4"4*  +  3  BbOT"  +  6  0H"-»a  Sn<  >.~~  +  3  H*Q  +  2  Bi. 

11.  Potassium  Ferricyanide  und  Ferric  Chloride  added  to  an  acid 
solution  of  a  .stannous  salt  give  a  precipitate  of  Prussian  blue: 

6  ( I  \   I  \    |      "  +  8  FC+++  +  3  Bn*+  —  8  Ba*+*+  +  2  Fe,[Fe(CN),I,. 
The  reaction  is  sensitive  but  is  caused  by  reducing  agents  other  than 

stannous  ehlorfde.    Km  Fenieyanide  ion  is  reduced  to  ferroeyanide 

ion  which  gives  a  blue  color  with  ferric  ions. 

12.  Oxalic  Acid  precipitates  white,  granular  stannous  oxalate  from 
neutral  or  faintly  aeid  solutions  of  Stannous  salts: 

Sn^  +  11,0,0*  —  SnCiO*  +  2  1 1 

Ammonium  chloride  prevents  this  reaction.  A  solution  of  stannous 
salt  containing  ammonium  chloride  and  considerable  oxalic  acid  is  not 
acted  upon  l.y  hydrogen  sulfide. 

13.  Ammonium  Molybdate  in  sulfurie  arid  solution  is  reduced  and 
I  a  blue  color  with  stannous  salts.    This  reaction  is  sensitive  but 

is  caused  by  other  reducing  agents  also. 

1-1.  Hydrogen  Peroxide  added  to  A  solution  of  stannous  salt  which 
has  been  made  as  nearly  neutral  as  possible  by  the  addition  of  alkali 
hydroxide,  gives  a  white  precipitate  of  stannic  hydroxide  on  heating: 

Sn-H-  +  H.O,  +  2  OH"  -» Sn(OH)«. 


Stannic   tnmpouniin 

The  stannic  (impounds  (which  are  all  colorless,  with  the  excep- 
tion of  the  yellow  sulfide,  B081)  cannot  be  obtained  by  the  solution 
of  the  oxide,  Sn()a,  from  which  they  are  derived,  because  the  oxide 
is  attacked  with  difficulty  by  acids.  They  are  obtained  indirectly 
from  metallic  tin  or  from  staimous  compoiuuls. 

1  pie  stannic  compounds  are  all,  more  or  less  readily,  hydro- 

tysed  by  water,  so  that  the  analyst  almns?  never  meets  with  them. 
the  nitrate,  Sn(N0g)4,  and  the  sulfate,  Sn(SO«)j,  arc  quickly  decom- 
posed in  the  cold,  into  acid  and  stannic  hydroxide.  The  halogen 
eompoundsare  more  stable,  and  are  decomposed  only  by  boiling  with 
considerable  water.  Par  the  reactions  Ix-low,  therefore,  it  will  be 
sumed  that  the  tests  are  made  with  a  solution  of  .stannic  chloride, 
Btannie  chloride  is  a  colorless  liquid,  which  fumes  iu  the  ait  und 
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boils  at  120°  C.  On  adding  a  little  water  it  solidifies,  forming  crystal* 
nf  monoclinic  hydrates,  SnCU  +  3  H,Of  Snl'h  f-  6  H»0,  SriC],  +  8  11,0. 
The  salt  with  5  HjO  is  used  commercially  as  a  mordant  in  dyeing. 

On  adding  more  water  to  these  hydrates  they  dissolve,  forming 
•  clear  solution,  which  on  boiling  \t he  freshly-prepared,  dilute  solution) 
gradually  becomes  turbid,  owing  to  the  precipitation  of  voluminous 
stannic  hydroxide: 

SnCl«  +  4  HOH  j=*  4  HC1  -f  Sn(OH),. 

If  the  solution  i.s  very  dilute  ii  becomes  turbid  in  the  cold.  The 
■tannic  add  thus  formed  is  not  precipitated  quantitatively,  either 
in  the  cold  or  on  boiling,  because  a  considerable  amount  remains  in 
the  hydrosole  form.  By  "salting  mil  "  the  hoi  solution  (best  with 
ammonium  nitrate),  the  stannic  acid  maybe  completely  precipitated. 

A  solution  of  stannic  chloride  can  be  most  readily  obtained  for 
analytical  purposes  by  chlorinating  or  brominating  a  solution  of 
stannous  chloride. 

On  adding  chlorine  to  a  solution  of  stannous  chloride,  stannic 
chloride  is  formed  in  the  cold: 

SnCI,  +  CI,  -  SnCU. 

As,  however,  chlorine  is  colorless  in  a  dilute  solution,  it  in  difficult 
to  tell  when  the  oxidation  ix  complete:  it  is  more  easily  ascertained 
if  bromine  is  used. 

On  adding  strong  bromine  water,  drop  by  drop  with  constant 
stirring,  to  a  solution  of  stannous  chloride,  tin-  bromine  color  will  dis- 
appear as  long  as  any  stannous  chloride  remains  unchanged,  and  the 
solution  becomes  colored  by  the  bromine  only  when  the  oxidation  is 
complete.  The  solution  then  contains  a  mixture  of  stannic  chloride 
and  stannic  bromide 

2  SnCI,  +  2  Br,  =  SnCU  +  SnBr«. 

Just  as  platinum  tetrachloride  combines  with  hydrochloric  acid 
to  form  chloroplatinic  acid,  so  tin  tetrachloride  unites  with  hydro- 
chloric acid,  forming  chlorostannic  add,  HjSnC'U,  and  yields,  like 
the  former,  beautifully  crystalline,  easily  soluble  salts  with  the  alka- 
lies, of  which  the  ammonium  salt  (NH«),(SnCli|  is  an  article  of  com- 
merce, being  known  as  "pink  salt."  Tin-  above-mentioned  stannic 
de,  SnCh,  is  sometimes  designated  as  a-atannic  chloride,  to  dis- 
tinguish it  from  a  compound  (to  be  described  later)  known  as  0-stannic 
chloride  (stannyl  ohloridi 
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Krnrium*  of  thv  a-Stannie   CompoiimN 

l 

1.  Hydrochloric  and  Sulfuric  Acids  produce  in  moderately  com- 
centra t i'd  solutions  of  stannic  chloride  no  precipitation,  even  mi  long 
Standing  (difference  from  0-staiinic  compounds^  In  very  dilute  sul- 
furic iieiil  solutions  ;i  precipitate  of  basic  sulfate  is  sometimes  obtained. 
In  very  dilute  hydrochloric  acid  solutions,  also,  a  slight  turbidity  is 
often  formed,  which  increases  on  boiling  the  solution: 

SnCL.+ 4  HOH  «=  1  H<1  +  Sn(OH),. 

2.  Potassium  and  Sodium  Sulfates  produce  no  precipitation  in  the 

cold  (difference  from  stanny]  chloride))  but  on  boiling  all  the  tin  is 

precipitated  as  hydroxide. 

3.  Potassium  or  Sodium  Hydroxide.  —  On  adding  eaustie  alkali  to 
a  solution  of  u  stannic  salt,  a  voluminous,  gelatinous,  white  precipi- 
tate is  obtained; 

SnCU  +  4  OH-  -  4  CI"  4-  Sn(OH),. 

The  precipitate  has  the  above  formula  when  dried  in  the  air,  and 
fin-  formula  H2S11O3  if  dried  over  sulfuric  acid. 

The  precipitate  dissolves  readily  in  an  excess  of  alkali  hydroxide, 
forming  salts  which  are  not  derived  from  either  of  the  above  com- 
pounds, but  from  tIt[Sn(OH)t],  which  has  itself  never  been  isolated: 
Sn(OH),  4-  2  KOII  =  K,[Sn(OH)J. 

The  hydroxide  dissolves  in  ammonia  abo,  but  only  in  the  absence 
of  ammonium  salts. 

By  dissolving  in  alkali,  stannic  hydroxide  i  as  an  acid,  and 

according  to  Bellurei  and  Parravano,*  the  hexahydroxystannic  acid 
stands  in  the  same  relation  to  ehlorostannic  acid  as  hexahydroxy- 
platinic  acid  to  chlorophitinic  acid: 

H,[PtC1,|  H,[SnCI,] 

H,[Pt(OH),]  Hs|Sn(OH)0]. 

The   salts   of   hexahydroxystannic   acid    are    designated    briefly   as 
Btannates,  or  «-stannates,    In  distinguish   them    frum   the  0-staiuiales 
or  metastannates,   which  are  derived   from    the  polymer  (IljSntVij 
p.  278). 

The  ready  solubility  of  a-stannic  acid  in  cold  dibit,  mineral  acids 
is  very  characteristic.  It  dissolves  promptly  in  hydrochloric,  nitric, 
and  sulfuric  acids,  behaving,  in  this  respect,  as  a  base.  By  boiling  the 
dilute  in  id  solution  (particularly  the  sulfuric  acid  solution)  stannic 


•  Z  onerg.  Cktm.,  46,  j».  ISO  (1906). 
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acid  is  reprecipitated,  which  is  soluble  in  cold  dilute  acids  provided 
tin-  boiling  has  not  been  continued  too  long.  In  the  latter  oasc  the 
0-stannie  ut-id  is  formed,  which  is  insoluble  in  dilute  acids. 

4.  Potassium  Carbonate  precipitates  stannic  acid  from  Stannic 
chloride  solutions;  the  precipitate  dissolves  completely  in  an  excess 
of  l lie  reagent  (difference  from  0-staimic  acid): 

Bndi  +  2  K,CO,  +  2  H,0  =  4  KC1  -f-  2  CO,  J  4-  Sn(OH),. 
Sn(OH)«  4-  K,CO,  —  KjSnO,  4-  2  H,0  4-  CO,  f  • 

5.  Sodium  Carbonate  behaves  similarly,  but  the  precipitate  is  not 
i, ,  m  My  dissolved  by  an  excess. 

6.  Ammonia  precipitates  stannic  acid  from  a  solution  of  stannic 
chloride;  tartaric  acid  prevents  the  precipitation  (difference  from 
£-tstaimic  acid). 

Reaction*  of  thr  0-Stannir  Compounds 

(Mctimtannales) 

By  the  oxidation  of  metallic  tin  with  hot  nitric  acid  of  sp.  gr.  1.3 
stannic  nitrate  is  first  formed,  which,  by  tailing  with  water,  is  c.m- 
pletely  hydrolyzed,  forming  nitric  acid  and  inetastannic  acid. 

Metastannia  acid  is  a  white  powder  insoluble  in  nitric  acid,  and 
when  dried  over  sulfuric  acid  has  the  formula  HjSnOi.  This  is  of  the 
same  empirical  composition  «s  ilic  iiydmxnie  precipitated  bj  treating 
I  stannic  chloride  solution  with  alkalies,  though  differing  essentially 
from  it  in  many  reaction:*. 

Although  the  a-stannic  acid  (as  already  mentioned ,i  is  easily  soluble 
in  dilute  mineral  acids,  the  0-stannic  acid  is  practically  insoluble 
therein. 

1.  If  the  0-stannic  acid  is  treated  for  a  short  time  with  concen- 
trated hydrochloric  acid,  u  chloride  is  formed  which  is  insoluble  in 
hydrochloric  acid,  hut  readily  soluble  in  water.  The  solution  con- 
tains the  so-called  ^-stannic  chloride  (though  the  designation  stamul 
chloride  would  be  more  suitable)  of  the  composition.  >ii;,D4(. 'bj'OH  I,  ' 

2.  On  treating  the  aqueous  solution  of  stannyl  chloride  with  hydro- 
chloric acid,  almost  all  the  tin  is  reprecipituted  in  the  form  of  a  highly 
chlorinated  eoni|x>und  of  the  composition  Sn40..< '!,(• 0H)|  4-  4  H^Of 

3.  If  an  aqueous  solution  of  stannyl  chloride  w  heated  to  boiling, 
almost  all  the  tin  is  precipitated  as  0-stannic  acid,  which  is  insoluble 
in  dilute  acids. 


•  H.  Emm  Chem,  Zlg..  1897.  pp.  309  and  HJit). 

t  Webeb,  Jahretiter.,  1868,  344.  end  Fogg.  ,«»,., ..  122,  358. 
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This  differing  behavior  Of  the  two  acids,  as  well  as  of  the  two  chlo- 
rides, can  be  explained  as  follows:  Silicic  acid,  which  is  closely  related 
tn  stannic  acid,  exists  in  innumerable  silicates  in  different  polymeric 
forms.  Thus,  with  the  minerals  of  the  pyroxene  and  amphibole 
groups,  wollastonite,  CaSiO,,  is  a  derivative  of  ordinary  metasilicic 
acid  and  tremolite,  CaMgaSi«Ou.  is  a  derivative  of  (HjSiOj)«.*  li  t- 
highly  probable  that  the  stannic  acid  can  exist  in  analogous  polymers. 
(Iik  1. 1  ili.se  polymers  apparently  corresponds  to  the  composition 
(rUSnO,),. 

If  such  a  compound  is  treated  with  hydrochloric  acid,  the  hydroxyl 
en  ups  will,  first,  he  replaced  by  chlorine,  and  a  compound  will  be 
obtained  containing  tin,  oxygen,  and  chlorine,  e.g.,  Sn6OtClm. 

This  hypothetical  coinpouiid  of  the  0-Mannie  aeid  is  hydrolyzed, 
forming  different  chlorides  of  varying  solubilities.  Thus  R.  Engcl 
found  that  the  chloride  Snt06('l..(()H)8  is  soluble  in  water;  and  \\  ebar 
showed  that  from  an  aqueous  solution  of  the  latter,  hydrochloric  aeid 
precipitates  the  compound  Sn»0|CIi(OH)i  f-  -1  II  '  I 

The  reaction  which  tak  on  dissolving  the  /3-stannic  acid  in 

hydrochloric  acid  and  water  may  be  expressed  satisfactorily  by  the 
following  equations: 

Sn4O&(OH),0  +  10  HCI  =  10  H*()  +  Sn604Clio  (insoluble  in  HC1); 

[)-il«tim<-  ncid 

or 

MetJkvtannlc  acid 

SntO.Cln  +  8  H.O  +*  8  HC1  +  Sn604Cl»(OH)a  (soluble  in  water) ; 
Sn80»CI»(OH)e  +  2  HC1  ?=*  2  H,0  -f-  Sn604CU.(OH)»  (insoluble  in  HC1). 
On  boiling  the  aqueous  solution,  complete  hydrolysis  takes  place: 
BnACn(OH)i  +  2  HOH  -  2  HCI  +  Sn,0»(OH)». 

If  the  (S-stannic  acid  is  treated  for  a  long  time  with  concentrated 
hydrochloric  acid,  the  Sn4Oj  group  is  finully  broken  down,  and  the 
tin  goes  into  solution  in  the  form  of  ordinary  a-stannic  chloride: 

Sn4Oj(OH)u)  +  20  HCI  =  15  H,0  +  5  BnCU. 

Other  reactions  of  stunnyl  chloride  (/3-stannic  chloride)  are: 
4.    Sulfuric   Acid    precipitates   from  solutions  of   stannyl   chloride 
white  stannyl  sulfate,  which  on  being  washed  with  water  is  completely 
used  to  /3-stannic  acid  (difference  from  a-stannic  chloride). 


furic  acid. 

6.  Potassium   Hydroxide   throws  down   in   solutions  of  stannyl 
chloride  a  voluminous  precipitate  of  a-stannic  aeid,  which  does  not 


•  Oboth,  TabtUarueht  UAmitkt  d.  Mir,.,  1898,  p.  148. 
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dissolve  in  an  excess  of  the  concentrated  precipitant,  but  forms  a 
/3-stannate  easily  soluble  in  dilute  caustic  potash  solution: 

(a)  Sn»0|Cli(OH)i  +  2  KOH  =  2  KC1  -f  Sn&Oi(OH»,0; 

U-ilanmc  acid 

(fe)  Sn»Ot(OH)l0  +  2  KOH  =  2  H,0  4-  Sn,()»(OK),(OH).. 

By  long  treatment  of  the  potassium  0-atannate  with  concentrated 
caustic  potash,  it  gradually  goes  into  solution,  forming  potassium 
at-stannaU'.  This  change  takes  place  more  readily  by  fusing  /9-stannic 
Mid  with  solid  potassium  hydroxide  in  a  silver  crucible. 

If  a  dilute  solution  of  a  mineral  acid  is  added  to  the  0-potassium 
stannate,  a  voluminous  precipitate  is  formed,  consisting  partly  of 
/3-sUnnic  Mid  (insoluble  in  uu  excess  of  mineral  acids)  and  partly  of 
a-etannic  aeid  (readily  soluble  in  an  excess  of  the  acid).  The  latter 
compound  is  formed  when  a  very  concentrated  solution  of  caustic 
potash  wan  and  in  forming  the  potassium  salt. 

7.  Ammonia  also  precipitates  0-stannic  acid,  even  in  the  presence 
of  tartaric  acid  (difference  from  or-stannic  chloride). 

As  we  have  seen,  the  a-compound*  may  be  readily  changed  into 
^-compounds  and  conversely.  The  dilute  aqueous  solutions  of  the 
a-compoundx  are  gradually  changed,  at  the  ordinary  temperature,  into 
^compounds,  but  more  quickly  on  boilttuj;  thus  stannic  chloride  changes 
to  stannyl  chloride: 

58nCU  -f-  13  HaO  -  18  HC1  +  Sn,0,Cl,(OH),. 

The.  ^-compounds  are  changed  into  a-compoutuls  by  boiling  with  con- 
centrated hydrochloric  acid  or  with  concentrated  caustic  potash. 

8.  Hydrogen  Sulfide  precipitates  (from  not  too  acid  solutions) 
yellow  stannic  sulfide  from  both  the  a-  and  the  0-compounds : 

SnCl*  +  2  HjS  «=*  4  HC1  +  SnSs; 

Sn,OsCI,(OH),  +  10  H»S  5=2  2  HC1  +  13  H,0  +  5  SnS,. 

From  ^tannic  volutions  hydrogen  sulfide  produces  a  precipitate,  but  very 
•lowly,  the  SnS,  rvmninind  largely  in  the  hydroeole  form.  Hy  the  addition  of  salts 
it  is  coagulated,  and  separate*  out  in  u  florrulent  form,  usually  mixed  with  0-stannic 
arid.  If  the  stannyl  chloride  solution  is  hosted  on  the  wnter-bsth  in  a  pressure 
flask,  the  tin  is  i|inrk)y  [irrcipitated  as  greenish-yellow  sulfide. 

Stannic,  sulfide  is  soluble  in  hydrochlnric  acid;  hydrogen  sulfide 
will  cause  no  precipitation,  therefore,  if  the  solution  is  very  acid.  If 
inch  a  solution,  saturated  with  hydrogen  sulfide,  is  greatly  diluted, 
the  sulfide  will  precipitate  out. 
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The  yellow  sulfide  Sa  the  thio-anhydride  of  the  thio-acid;  it  dis- 
solve, therefore,  in  alkali  sulfide,  Forming  salts  soluble  in  water: 

SnS.  +  <NH,),S  — (NH.j.SnS,. 

Acids  precipitate-  from  such  a  solution  the  yellow  stannic  sulfide 
SnS,"  -  +  2  H+  —  H,S  T  +  SnSs. 

The  milphide  is  slightly  soluble  in  ammonia  but  scarcely  at  all  in 
ammonium  carbonate  (difference  from  arsenic).  By  means  of  con- 
centrated nitric  acid  it  is  easily  oxidized  to  /3-stannic  acid;  or  by  roast- 
inn  in  tin-  air  it  can  be  completely  changed  to  tin  dioxide. 

The  sulfide  obtained  m  the  dry  way,  known  as  "mosaic  gold," 
is  not  attacked  by  nitric  acid,  and  is  also  insoluble  in  alkali  sulfides. 
It  dissolves  on  treatment  with  aqua  renin,  forming  Stannic  chloride 
with  separation  of  sulfur.  Like  native  tinstone  ii  i*  most  readily 
brought  into  solution  by  fusing  with  sodium  carbonate  and  sulfur  (see 
below). 

IkiiikIi  stannic  mi1Ri.Ii    i-  yellow  when  nun1,  it.  oftm  apiicnrx  brown  wlir-n  prr- 
c.if»it»i..l  wiili  .iili.r  metallic  sulfides  by  hydmgrn  Kulfiil'-. 

Tin  has  a  distinct  tendency  to  form  complex  ions  fr which  hydrogen  sulfide  does 

tint  j»i\i-  tlir  miHmI.    |.r.«-ir -it  :i1<'      Tim-  u>  '•  tin-  |ihvipittitiori  of  tin 

|  3S  i"  in  parts  of  oxuIk  Hid  UJ  1  of  tin)      Kiuiilurly,  hydrofluoric  acid  and  phosphoric 
i   hi  pn'vnil  the  (orin.'itiim  of  -tannic  sulfide. 

9.  Ammonium  Thioacetate  precipitates  stannic  sulfide  from  hot, 
acid  solutions: 

2  C,H,OS-  +  Sn-H-H-  +  2  H,0  —  SnS,  +  2  HC,HsO,  +  2  H+. 

Sodium  Thiosulfate  precipitates  a  mixture  of  stannic  hydroxide, 
stannic  sulfide  and  sulfur  when  added  to  an  acid  solution  of  stannic 

salt; 

^  +  2S.CV  "  +-  2  11,0  — SnSt  +  4  H-  +  2S0," 
Sn++++  +  2  3,0,"  "  +  H,0  —  H,SnO,  -f  2  S  +  2  SO,  ]  . 

10.  Metallic  Zinc  precipitates  spongy,  metallic  tin: 

2  Zn  +  Sn++++  —  Sn  +  2  fa*+. 

If  the  zinc  is  in  contact  with  platinum,  the  tin  does  not  deposit  upon 
the  platinum,  as  does  antimony,  but  Upon  the  zinc. 

11.  Metallic  Iron  reduces  stannic  chloride  to  stannous  chloride  hut 
not  to  the  metallic  condition: 

M4+-r.pe-»FsW+Sn-H'. 
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This  reaction  takes  place  even  In  the  cold.    If  also  takes  place  on 
boiling  with  copper  or  with  antimony: 

Cu  +  Sn+^-H-  -» 8n++  +  Cu++. 
2  Sb  +  3  Sn++++  ^  3  8n++  4-  2  Sb+++. 

12.   Mercuric  Chloride  produces  no  precipitatioo  in  eolutionfl  of 

stannic  salts. 

Tin  dioxide  as  it  occurs  in  nature,  and  the  artifn -mllv  pndtioad  oxide  after  strong 
igzutton,  are  both  insoluble  in  all  acida.  They  can  be  brought  into  solution  by  the 
following  nn  ilmil-: 

1.  Fusion  Wltll   .<■!  X 1  i  1 1 1 1 1   i-:irlxinAU>  :  •  1 1 1 1  SlilfuTJ 

2.  Fusion  with  caustic  potash  or  soda; 

3.  I''il-I"ll    Willi    |H,l:r   -.illlll   c>  {lllh.ll-: 

4.  Rcduetion  by  hydrogen  at  a  lueji  heat. 

(1)  Ftuion  mth  Solium  Carbonni,  uml  Sulfur.  —  Place  the  dry  aubstanee  in  a 
•mall  |»orce-l:iiti  crucible,  nii\  Willi  mix  Iiiihti  ius  rnui-li  anhydrous  will  urn  rrirlxHinU- 
.-iikI  «ulfur  (equal  part*  mind  together),  cover  the  crucible.  Bod  heat  over  a  maM 
il.iiin-  until  the  c.\c«w  of  sulfur  hiis  distilled  ofT  and  burned.  This  opei  iinm  . .-. | m  r . 
.iiiui  uvniiv  minute*.  Allow  the  crucible  to  cool  and  then  treat  it*  content* 
with  hot  Water,  m<l  filter  if  necewary: 

J  SnO,  +  2  Na,CO,  +  9S  -  3SO,  +  2  NorfinS,  +  2CO,. 

If  iron,  lend,  oopjMT,  or  any  dther  inctiil  that  forms  a  sulfide  In-iiliililc  in  water 
and  ammonium  polysultidc  ■  pwwnti  it  remains  undissolved  as  sulfide,  and  in 
■•panted  from  the  im  by  fitaatioa. 

(2)  Fusion  with  Sodium  Hydroxide.  —  Melt  the  sodium  bjdradde  ■  »  tOtW 
•  nicilile,  placed  within  a  porcelain  crucible  to  protect  the  (silver  from  the  mjnrinim 
.10(11.11  of  tb<-  gas  flame.  When  tlie  faafQD  bus  become  QjUtet,  huihk  '"  tlM  expulsion 
of  all  the  excew  water,  cool  somewhat  nnd  add  tho  finely-powdered,  dry  tin  dioxide. 
Heat  until  the  fusion  is  clear.     After  cooling  dissolve  the  melt  in  water: 

SnO,  +  2  N'aOH  =  Na»SnO,  +■  II/). 

Stannic  oxide  ia  not  completely   attacked  by  fusion  with  sodium  or  potassium 
carlionatc. 

(3)  Futinii  mth  /'../11-. .mm  I'l/aniil.  —  Melt  some  potassium  evimidc  in  n  fKircc- 
lain  crucible,  add  the  powdered  stannic  oxide  and  fuse  the  mixture  until  the  sepa- 
rated tin  has  melted  together : 

BnQt+2KCN  =  2  KCNO  f  Sn. 

After  cooling,  extract  the  mass  with  water,  filter  ofl  the  tin.  flatten  it  into  foil  and 
dissolve  it  in  concentrated  hydrochloric  acid 

(4)  Rrductitm  in  n  .Stream  of  Hydrogen.  —  Place  the  substance  ill  a  platinum  Imat 
and  insert  the  lntter  in  a  glum  tube,  open  at  both  ends,  which  is  made  of  difficultly 
hnriUe  glass.  Pass  hydrogen  through  the  tube  Is  the  cold  until  the  air  baa  been 
driven  out,  and  then  heat  to  dull  redness  until  no  more  water  is  formed: 

LBuOl  +  2  II,  =  2  HiO  +  So. 
Finally  cool  and  tllfihm  the  metal  in  hydrochloric  acid. 
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Reactions  in   the  Dry   Way 

If  a  tin  salt  is  heated  with  soda  (or  potassium  cyanide)  on  char- 
coal, usually  only  a  small  malleable  button  is  obtained,  which,  on 
taking  away  the  fame,  ll  immediately  covered  with  a  white  coating 
of  oxide.  This  can  be  observed  when  the  name  is  allowed  to  play 
upon  the  fusion.  If  the  product  is  crushed  in  an  agate  mortar,  a 
small  flake  of  metallic  tin  ifl  obtained,  which  can  be  distinguished 
from  silver  and  lead  by  its  insolubility  in  nitric  acid,  mid  by  its  solu- 
bility in  hydrochloric  acid.  This  reaction  is  particularly  suitable  for 
1 1 ii-  charcoal-stick  test.  The  borax  bead  which  has  been  colored  pale 
blue  by  cupper  becomes  :t  transparent  ruby  red  in  the  rcduoing  flame 
if  a  trace  of  tin  is  ad  tied.     This  is  a  very  sensitive  reaction. 

By  heating  stannous  or  stannic  sulfide  in  chlorine,  or  by  igniting  it  with  a  mix- 

i       if  5  parte  ammonium  chloride  and  1  part  ammonium  nitrate,  completa  vulnti- 

1  i-i   iln-  (in  aa  Stannic  oblotidfl  takes  place.     By  OBtag  i  Htream  of  carbon 

dnixi.il-  which  lias  pamed  through  bromine,  stannic  bromide  is  fontnil  ami  distills  off. 

All  tin  compound*  arc  rrduc,-.l  t"  im-t  ullir  tin  by  heating  with  poliuwium  cyanide. 

Gold,  Au.    At.  Wt.  197.2 
8p.  Gr.  -  19.33.    M.  Pt.  ■  1063°  C. 

Occurrence.  —  Gold  usually  occurs  native  in  quartz  and  in  river 
sands;  also  as  telluridc  of  gold  in  sylvanite,  (AuAg)3Tei,  and  in 
nagyaptc,  (PbAu)a(Ti-SSh),,  and  is  found  in  small  amounts  in  many 
pyrite  and  other  sulfide  ores. 

Metallic  sold  is  of  a  yellow  color  and  melts  without  being  oxidized. 
Ii  i  -  the  most  ductile  of  nil  metals,  and  may  be  hammered  into  exceed- 
ingly thin  leaves,  which  are  transparent,  with  a  bluish-green  color. 

Commercial  gold  is  usually  alloyed  with  copper,  silver,  or  with 

li< .ill  metals.     Pure   gold   is  designated   as   24-curat  gold  or   l0M  um 

Fourteen-carat  gold  contains  14  parts  of  gold  to  10  parts  of 

other  metal  and  18-carat  gold    contains  18  parts  of  gold  and  6  parts 

nf  alloy;  the  farmer,  therefore]  contains  58.3  percent  and  the  latter 
75  per  oenl  of  pure  gold. 

The  proper  solvent  for  gold  is  aqua  regie,  but  it  is  also  soluble  in 
bromine  and  chlorine  water,  forming  a  trihalogen  compound: 
2An  +  2HNOi  +  6HCl  =  I  H,.o  +  2  NOT  +  2  And,, 
2Au  +  3Br,  =  2  AuBr,. 

Gold  is  not  attacked  by  mineral  acids.  It  is  dissolved  by 
flbm)  cyanide  solution  in  conflict  with  the  oxygen  nf  air.  It 
two  oxides:   aurous  oxide,  Au,0;   and  auric  oxide,  Au»0,. 


•  latter 
jble  in 

potas- 
forms 


GOLD 
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Both  of  these  are  exceedingly  unstable;  on  gentle  ignition  they 
lose  oxygen  and  arc  changed  to  metal  (a  property  common  to  all 
"  noble  "   hi.  i.ils). 

All  gold  salts  are  unstable;  even  tin-  most  stable  sail  of  all,  the 
chloride,  AuCl,,  is  changed  by  gentle  ignition  into  yellowish-white 
aurous  chloride.  AuCl: 

AuCl,  =  AuCl  +  Cli  T  • 

On  stronger  ignition  the  third  atom  of  chlorine  is  lost,  and  the  yellow 
metal  itself  is  left  behind. 

Aureus  chloride  AuCl,  is  insoluble  in  water,  but  on  being  boiled 
with  water  for  some  time,  or  more  slowly  in  the  cold,  it  is  changed  to 
auric  chloride  with  deposition  of  metal: 

3  AuCl  =  AuCU  +  2Au. 

The  solution  obtained  by  dissolving  gold  in  aqua  regia  always  eon- 
tains  auric  chloride,  so  that  only  the  reactions  of  auric  compounds 
arc  of  interest  to  the  analytical  chemist.  Auric  chloride  unites  with 
hydrochloric  ncid,  forming  chlorauric  acid, 

AuCl,  +  HC1  =  HIAuCLJ, 

which  yields  beautifully  crystalline  salts. 

Cold  chloride  is  soluble  in  ether  and  can  be  extracted  frnin  its 
aqueous  solutions  by  means  of  this  solvent. 

Auric  salts  are  mostly  yellow  and  readily  soluble  in  water.  The 
sulfide  is  black  and  soluble  only  in  aqua  rcgia. 


Reactions  in   the  Wet  Way 

A  solution  of  chlorauric  acid,  H|AuCh],  should  1*  used  for  these 
reactions. 

1.  Potassium  <>r  Sodium  Hydroxide.  —  If  caustic  alkali  is  cau- 
tiously added  to  a  concentrated  gold  solution,  a  reddish-brown,  volu- 
minous precipitate  of  auric  hydroxide  is  obtained,  which  looks  exactly 
like  ferrie  hydroxide.  If  more  caustic  alkali  is  added,  however,  the 
gold  hydroxide  redissolves,  forming  alkali  aurate: 

Au+++  -f  3 OH"  —  Au(OH), ;  Au(OH),  +  OH"  -2H.O+  lAuO,]". 

If  the  bright-yellow  solution  of  potassium  nur.'ite  is  carefully  acidi- 
fied with  nitric  acid,  a  precipitate  of  reddish-brown  auric  acid  is  thrown 
down,  which  is  soluble  in  nitric  acid,  but  is  reprccipituted,  for  the 
most  part,  by  diluting  and  boiling. 

As  a  rule,  potassium  hydroxide  yields  no  precipitate  in  solutions 
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of  gold  chloride,  because  the  gold  solution  is  usually  so  dilute  that 
the  anion  lit  of  alkali  added  is  sufficient  to  form  the  auratc  at  once. 

2.  Ammonia  throws  down  a  yellowish  mixture  of  gold  iminochloride, 
Au(NH)Cl,  and  gold  iimnoamide,  Au<NH)NH,, 

AuCl,  +  3  NH,  —  2  NH4CI  +  Au(NH)Cl, 

AuCl,  +  5  NH,  -^  3  NH4CI  -f  Au(NH)NH,r 

which  explodes  in  a  dry  condition  on  warming  or  by  concussion  (ful- 
minating gold.*) 

The  most  important  reactions  for  the  detection  of  gold  are  those,  which 
depend  upon  the  rrtnrni  raid  tin.™  ir/lh  which  tin  nunc  compound.-;  arc 
reduced.     Auric  compounds  are  strong  oxidizing  agents. 

3.  Ferrous  Salts  precipitate  at  ordinary  tempera  tuns  from  neutral 

or  acid  solutions  all  the  gold  as  a.  brown  powder  (difference  from 

platinum) : 

Au^  +  3  Fe++  -♦  3  Fe+++  4-  Au. 

■1.  Oxalic  Acid  precipitates  all  of  the  gold  in  the  cold,  hut  more 
quickly  on  warming  (difference  from  platinum): 

2  Au+' '  +  3  HsC,Oi  -*6H*  +  600»  T  +  2  Au. 

The  presence  of  considerable  acid  prevents  this  reaction. 

5.  Ar&ine  and  Stibine  precipitate  gold  completely: 

2  Ail-"-*  +  Asll,  +  8  H,< )  —  lir-.VsO,  +  6  H*  +  2  Au. 

6.  Sulfurous  Acid  reduces  gold  solutions: 

2AU+++  +  3  SO,  +  6  H,0  -♦  12  H+  4- 3  S04"  "  +  2  Au. 

7.  Stannous  Chloride  causes  the  following  reaction  i<>  take  place  :f 

2  Au+^  +-  3  Sn++  —  3  Sn+*++  4-  2  Au. 

If  the  Rolutiaa  (wted  is  strongly  acid  with  hydrochloric  acid,  the  precipitate 
is  pure  Raid  and  ha*  the  charm  ft  ■n.»iir  dark-brown  color  of  the  finely  divided  metal. 
I11  very  ■  i  1 1 1 1  r . -  weakly  acid  solutions  the  so-called  purple  of  (,'ateius  in  thrown  down, 
which  consists  of  colloidal  gold  and  tin  hydroxide.; 

Purple  of  Caasius  is  soluble  in  ammonia  ivn<l  in  dilute  BtOMh  potash  bc4qUoo, 

ng  reddish  liquids.     These  solution*  when  cold  remain  clear  for  11  long  time 

unil  ran  rwti  lie  ImiiIimI  niiliont  decomposition.     As  the  solution  i>*  nmamtnted 

a  nWnulcnt  precipitate  is  formed  which  will   dissolve  on   the  addition  of  more 

mini in. 

Tin-  brown  coloration  en  In-  distinctly  seen  if  0.3  mg.  gold  is  dissolved  in  1IXJ  00. 
solution;  if  le*»  than  03  mg.  of  gold  is  present,  only  a  yellowish  coloration  is 
obtained. 


•   RahBM,  Ann.  Chrm.  Pharm.,  238  (1886),  325. 

t  Thkodor  Dorivg,  Chem.  CentralN..  1900,  I,  p.  735. 

1   ZsiOMONDY.  AlM.  Chem.  Pharm.,  801  (189ft),  361. 
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8.  Hydrogen  Peroxide  *  in  alkaline  solution  immediately  precipi- 
tates the  gold  as  finely  divided  metal: 

2Au-w+  +  3H,0*  +  6  0H--+  0H,O  +  3QtT  +  2Au. 

The  precipitated  metal  appears  brownish-black  by  reflected  light, 
but  bluish-green  by  transmitted  light;  0.03  rug.  gold  in  10  ec.  of  liquid 
suffices  to  give  a  reddish  coloration  with  a  bluish  shimmer. 

9.  Zinc.  —  The  following  gold  test  is  very  sensitive:  f  To  a  few 
drone  of  a  dilute  gold  solution  add  a  few  drops  of  arsenic  acid,  two 
or  three  drops  of  ferric  chloride  solution,  and  two  to  three  drops  of 
hydrochloric  acid.  Dilute  the  mixture  to  100  cc.,  and  drop  in  a  piece 
of  zinc.  Around  the  zinc  the  solution  assumes  a  purple  color,  wlii.-li. 
by  iiinvinu  (he  zinc  in  the  .solution,  is  disseminated  through  it,  making 
it  appear  pink  or  purple. 

If  the  solution  contains  0.03  mg.  of  gold,  within  fifteen  minutes  a 
iN'.Htitiful  reddish  color  will  be  noticed. 

Besides  the  above  reagent*,  many  others,  such  as  formaldehyde 
in  i  be  presence  of  alkali,  hydrazine  sulfate,  etc.,  are  capable  of  reducing 
Hold  from  its  solution.^ 

10.  Hydrogen  Sulfide  precipitates,  in  the  cold,  black  gold  disul- 
fide from  gold  solutions: 

2  Au+*+  4-  3  B£  -»6B*  +S  +  Au,S». 

Cold  disulfide  is  insoluble  in  acids;  but  is  readily  soluble  in  aqua 
regia,  forming  auric  chloride,  AuCI,. 

The   dlBttlfide    is  difficultly   soluble    ill   ;i  idii ii •liillll I   sulfide,    I. tit    inure 

readily  soluble  in  potassium  polysulfido,  forming  a  sulfo  salt: 
Au3Sj  +  KA  =  U  KAuS,. 

Prom  this  solution  hydrochloric  acid  precipitates  a  yellowish-brown 
sulfide : 

2  KAuS,  +  2  H+  -# 2  K+  +  H2S  -f  Au,S,(?). 

From  a  hot  solution,  hydrogen  sulfide  precipitates  brown,  metallic 
gold: 

8  Au' **+8  B»S  +  12  H,0  —  lit)  IP  +  3  8<V "  +  S  Au. 

The  finely  divided  metallic  gold  is  soluble  in  hot  potassium  or 
sodium  polysulfide,  forming  a  thio  salt: 

2AU  +  K&  —  2KAuSj. 

On  account  of  its  softness,  gold  in  always  alloyed  with  silver  and  copper  when 
used  fur  coins  or  for  jewelry.  Tf  gucli  nn  alloy  is  treated  witb  nitric  arid,  the  copper 
and  silver  are  rlissolvcd  and  the  (told  usually  remains  as  a  brownish  powder     Do 


*   Vam- OI.OK,  firr  .  1899,  1068. 

t  I'luirm.  Clum.  CerUraiU.,  27,  tOh 
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prove  the  prenence  of  gold,  filter  through  u  small  filter,  dry  the  filter,  roll  up  the 
paper  and  wrap  n  platinum  wire  around  it.  bet  fire  to  tin-  p«|icr  and  allow  it  to 
bun  The  ash  muiit  not  lie  too  Btrongly  heated,  for  die  gold  would  then 

molt  ami  all"y  with  tfcl  i'lumim  wire.  Melt  the  tab  with  u  lit  i  ic  todi urn  carbonate 
on  a  charcoal  stick;  «  gold  hut  ton  forms  with  the  characteristic  yellow  color.  The 
gold  button  can  be  pressed  into  a  leaf  En  Uu  agate  murtur,  transferred  to  a  watch- 
glam,  and  dimolred  in  a  little  aqua  regia,  forming  nunc  I  hkn  Ida  (  .inlully  evapo- 
rate tlie  solution  to  dryncwa,  dissolve  the  residue  in  a  hide  water,  add  a  dilute  solu- 
tion of  MtannouH  chloride,  and  the  presence  of  gold  h  slimvn  by  the  formation  of 
the  purple  of  Caasiua-  The  hydrogen  peroxide  and  »inc  teste  are  still  more  delicate 
(tec  p.  281). 

If  it  is  a  tiuealion  of  detecting  very  small  amount*  of  gold  (as  in  the  caw  of  many 

.-..,.;,.  i    ,  ..m         !li.      ,l.,,vc    method    ,-.    n  n  -.in  I  ;i  1 .1.-        Iii    mob    MM))    '■'•""'    0M    (Old 

and  silver   by   K iiraliun  anil   i-il|n-Il:it ion.      Melt   5  to  10  gnw.  of  the  auriferous 

copper  (or  morr  in  some  cam*)  with  120  guis.  of  pure  lead  in  a  flat  dish  of  infusible 
Stone  (n  scorifying-di.ih),  in  <i  t  inifllt-  wiili  :icn  ,  ,i  ,nr  The  cupper  .mil  :i  part  of 
tot  lead  are  oxidized,  and  the  oxide  unites  with  the  bBm  <>f  the  dish  to  form  a 
readily  fusible  slag,  which  eventually  covers  the  unaffected  lead  and  the  dissolved 
silver  and  gold.  This  operation  iB  known  as  mrlJlcaHm.  When  this  point  w 
reached,  pour  the  molten  mace  into  an  iron  SOOriftttltlon  pan,  previously  well  chalked. 
U  MCffl  y  thi  Bt"  become,  OOOl,  rWODOVe  it  Imm  tin-  pan,  und  li.-unmei  tli.  dag 
from  the  enclosed  lend  button  and  weigh  the  latter.  Then  put  it  on  a  cujtd  (a  sort 
of  crucible  mode  of  bone  ash),  of  iboul  tin  BUM  weight  as  the  lead  button  or  a 
little  heavici  Plan  the  cupel  in  the  mtlffia  nnd  again  heat  with  ready  accea* 
of  air.  The  lead  melts  and  is  oxidix.d;  the  resulting  lead  oxide  melts  at  980* C. 
and  i*  partly  adsorbed  by  the  porous  cupel  and  partly  volatilised,  Icavtoj  I  kernel 
of  silver  and  gold  behind.  Flatten  the  metallic  kernel  to  foil  nnd  trout  it  with 
ft-itoniml  nitric  nml  which  ilimtilnn  tlie  silver,  leaving  the  Kold,  usually  in  the 
form  of  powder.  Filter  off  the  gold,  dry,  nnd  melt  it,  m  above  do  1 1  3>ed,  upon  the 
charcoal  stick.  If  the  alloy  of  gold  and  silver  (obtained  after  cupellation)  con- 
tains three  parts  of  silver  to  one  part  of  gold,  the  gold  remains  after  separation  with 
nitric  sical  :t-  a  thin,  coherent,  brownUb  mass  which  becomes  hard  on  igniting, 
with  the  i  kirarteristic  gold  color.  If  the  proportion  of  silver  to  gold  is  greater 
than  'A  :  1,  the  separation  by  means  of  nitric  laid  will  be  complete  and  the  gold 
will  lie  left  an  n  powder.  If  the  ratio  of  wlvcr  to  gold  id  lew  thun  3  !  I,  t  he  scparar 
tini  hj  BMAU  di  nitric:  acid  is  incomplete,  nnd  the  gold  residue  usually  appears 
|  How,  and  still  contain*  Home  silver.  In  thin  cone,  add  more  silver  with  I  gro.  of 
lead  and  subject  the  mixture  once  more  to  cupellation,  when  the  subsequent  sepa- 
ration by  means  of  nitric  acid  will  be  complete. 

In  order  t  i  doted  very  small  amounts  of  gold  in  ores,  a  similar  procedure  is  used. 
If  a  muffle  furnace  i*  nut  available,  the  more  tedious  wet  process  must  he  used 
Focesnnipl",  if  It  b)  dwired  to  detect  the  presence  of  gold  in  pyrites,  roost  a  large 
amount  of  the  em  En  the  :>ir  until  nil  the  sulfur  has  been  burnod  off,  then  treat  with 
bromine  water,  and  allow  to  stand  twelve  hours.  Filter  the  solute  m  (which  now 
contains  all  of  the  gold  as  auric  bromide)  nnd  boil  off  the  excess  of  bromine.  Add 
ferrous  sulfate  ind  ■  little  sulfuric  acid,  boil  the  solution  again  and  filter  through  a 
RTaall  tin-  residue  on  the  filter,  dry  and  then  melt  it  on  the  charcoal 
■tide, 

taooft  ling  to  these  methods  a  fractional  part  of  a  milligram  of  gold  can  be  de- 
tected with  certainty 
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Reaction*  in   the  Dry  ff "ay 

All  compounds  of  gold,  when  heated  with  soda  on  the  charcoal 

stick,  yi. -Ill  .1  malleable,  metallic  button,  soluble  only  in  aqua  regia. 
The  solution  in  the  latter  reagent  should  be  evaporated,  the  residue 
dissolved  in  water  and  tested  with  stannous  chloride,  hydrogen  per- 
oxide, or  rine. 


PLATINUM,  Pt.     At  Wt.  195.2 
Sp.  Gr.  -  21.48.    M.  Pt.  -  17S5»C. 

Occurrence.  —  Platinum  is  found  free  in  nature,  usually  accom- 
panied by  the  other  so-called  platinum  metals 

Metallic  platinum  is  grayish  white;  in  a  finely -divided  state  ii  is 
grayish  black.  The  metal  is  not  ordinarily  attacked  by  mineral  acids;* 
it  dissolves  in  auna  regia,  forming  ehloroplatinie  add,  Hj|PtCl,)  (not 
platinum  chloride.  l'i<  l,i.  If,  however,  tin-  platinum  is  alloyed  with 
sufficient  silver,  it  dissolves  in  nitric  acid,  forming  I  yellow  solution. 
Like  iin.  |  >l:i  I  in  inn  fonii-  two  oxides:  platinum  monoxide,  PtO;  and 
platinum  dioxide,  PtO». 

Both  oxide*  may  be  obtained  by  the  careful  ignition  of  the  corre- 
sponding hydroxides.  They  an-  exceedingly  unstable,  being  decom- 
posed by  gentle  ignition  into  metal  and  oxygen;  all  the  remaining 
platinum  compounds  behave  -imilarly. 

The  most  important  (if  the  platinum  compounds  are  tin-  chlorides. 
By  dissolving  platinum  in  aqua  regia,  ehloroplatinie  acid  is  always 
obtained,  from  which  the  di-  and  tetrachlorides  may  Ik-  derived;  these 
unite  with  hydrochloric  acid  to  form  the  complex  acids 

PtCI,  +  2  HCI  =  HtfPtCl,]  (Chloroplatinio  acid  —  orange  rod  crystals). 

PtCI,-|-2HCl  -  HslPlCU]  (Chloroplatinous  acid  — known  only  in 
solution). 

The  aqueous  solution  of  ehloroplatinie  add  is  yellowish  orange; 
a  solution  of  chloroplatinous  acid,  containing  the  same  quantity  of 
platinum,  is  dark  brown. 

The  potassium  and  ammonium  salts  of  ehlornplatinotix  acid  are 
Soluble  in  water;  the  corresponding  salts  of  ehloroplatinie  acid  are 
difficultly  soluble  in  water  and  insoluble  in  75  per  OBUl  alcohol. 


*  Dy  boiling,  concent  rated  sulfuric  acid  in  plittinum  dunes  10  it.  of  Mid  will 
dissolve  3.8  mg.  of  platinum  in  ten  minutes.  Le  Rov  iind  McOay,  Sth  Inlmall. 
Cong.  App.  Chent.,  1,  351  (1V1 .' 
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Reactions  in  the   W  et    May 

A  solution  of  chloroplatinic  aci<i  should  he  used  for  these  reactions. 

1.  Ammonium  ami  Potassium  Chlorides  product-  in  concent  rated 
solutions  yellow  precipitates  (cf.  pp.  82  and  93): 

lPtCi.1-  -  +  2  K+  -  K,[PtCl,];    [PtCl.]"-  +  2  NH<+  -♦  (NH/h[PtCl«|. 

Both  salts  are  difficultly  soluble  in  water,  but  practicully  insoluble 
in  7J»  per  cent  alcohol  and  in  concentrated  solutions  of  potassium 
and  ammonium  chlorides.  Tins  Inst  property  is  utilized  in  separating 
platinum  from  gold  and  other  metals. 

2.  Alkali  Iodides  give  a  brownish-red  coloration  due  to  the  forma- 
tion of  the  less  ioni/cil  |l'tl,,j 

IPtcur  " + ft  I"  -*  [Pti«] —  +  6  Or. 

3.  Hydrogen  Sulfide  precipitates  durk-brown  platinum  disulfide 
very  slowly  in  the  cold,  but  quickly  on  warming: 

HalPtCUl  +  2  H3S  =  6  HC1  +  PtS,. 

Platinum  sulfide  is  insoluble  in  mineral  acids,  but  readily  soluble 
in  aqua  rogia.  It  is  difficultly  soluble  in  alkali  inonosulfide  BOlutioas, 
but  more  readily  soluble  in  alkali  polysul fides,  forming  a  thio  salt, 
which  is  decomposable  by  acids,  with  precipitation  of  platinum  sulfide. 

t.  Ferrous  Salts  do  not  reduce  chloroplatinic  acid  in  the  presence 
of  acids  (difference  from  gold),  but  cause  precipitation  of  all  the 
platinum  (on  warming)  in  a  solution  which  has  been  neutralised  with 
.-in  I  nun  carbonate: 

[PMUJ-+6  CO," +4  Fe+*+6  H,0-»6CO,  f  +6Cr+4  FefOH),+Pt. 

5.  Oxalic  Acid  docs  not  precipitate  platinum.      IK  drOK]  lamine  in 
aoid  solution  and  in  sodium  hydroxide  solution,  acetylene,  and  hyilm 
•"  ii  peroxide  also  fail  to  precipitate  platinum  (difference  from  gold). 

6.  Formic  Acid  precipitates  from  neutral,  boiling  solutions  all  the 
platinum  in  the  form  of  a  black  powder: 

FUI'lCl,]  -f  2  HCO,H  -  6  HC1  +  LTD,  1   +  Pt. 

Kormio  iu-iil 

An  acid  solution  must  be  neutralized  with  sodium  carbonate  befon 
making  this  test. 

7.  Stannous  Chloride  reduces  chloroplatinic  acid  to  ehloropl.i  Mm  ufl 
acid  only,  not  to  metal: 

[PtGh]--  +  Btt+»  =  Bn+H-*  +  2  CI"  +  [PtCh]--. 

8.  Glycerol  and  Sodium  Hydroxide  reduce  chloroplatinic  acid  on 

warming,  with  1 1.<  aepantion  of  black,  pulverulent  metal: 

■    !  l(OH),-f3lPtCl,]-  +  160H^18Cl  -f  COJ--r-C,04-  +  l2H,()+3Pt 
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9.  Carbon  Monoxide,  on  l>eing  passed  into  a  solution  of  chloro- 
platinic  aeid  containing  sodium  acetate,  colore  the  solution  a  beau- 
tiful red  owing  to  the  formation  of  colloidal  platinum  (difference  from 

palladium).     After  standing  some  time  all  the  platinum  is  pre«*ipii;itfi  1 
as  a  black  powder  and  the  supernatant  liquid  is  colorless: 

H,[PtCI,l+2CO+«C^H.,0,-+2HJ0->6Cr  +  fiHC^H40,+2COsT+Pt. 

10.  Zinc,  cadmium,  magnesium  or  aluminium  reduces  rhloroplatinic 
acid  to  metal: 

H,[PtCUJ  +  3  Zn  —  3  ZnCl,  +  H,  f  +  Pt. 

The  precipitated  metal  is  in  such  a  finely  divided  condition  that  it 
tends  tO  run  through  the  filter,  especially  on  lwing  washed  with  pure 
water;  by  washing  with  salt  solution  a  clear  filtrate  can  be  obtained. 

11.  Hydrazine  Hydrochloride,  NaH<*2  HC1,  readily  reduces  ehl«>n> 
platinic    acid    in    ammoniacal    solutions;    some  of   thp    platinum  is 
deposited  as  a  mirror  upon   the  sides  of  the  vessel  containing  the 

SOlutimi 

(NH«),[PtCUl  +  N,H4-2  HC1  +  6  NHS  —  8  NH«C1  +  N,  f  +  Pt. 

12.  Formaldehyde  in  alkaline  solutions  precipitates  the  platinum 
as  extreiinl\  -liuely-divided  platinum  black: 

Hs|Pt(\|  +  hcho  -f  eOH"-+C0b1  +« cr  +  oHjO  +  Pt. 

The  precipitate  may  lie  washed  with  alkali  salt  solutions,  but  with  pun- 
water  a  black  colloidal  solution  of  platinum  is  forineil. 

Preparation  of  Chloroplatinic  Acid  for  Vie  at  a  Reagent 

Since  chloroplatinic  acid  in  used  not  only  for  the  qualitative  detection  but  also 
for  the  quantitative  determination,  of  ammonium  .in, I  |>it.i--,ium  method*  for  pre- 
paring a  notation  of  thin  reagent  will  !■••  deacribod. 

1.  Preparation  of  Chlotoptatinic  Acid  from  Mttallic  Platinum.  —  Conuneri  i  ii 
platinum  umjully  run  tains  iridium;  and  although  pure  iridium  !■  priicticidly  in- 
soluhlc  m  ni|ii:i  refill,  it  ilivolvrn  considerably  in  thin  rrngrnl  if  it  in  alloyed  with 
platinum.  Mi.re.iv.  r  plittiiiilin  forms  Willi  .i.|iui  ieKiu  out  onl>  <  lil<Tuplatinic 
acid,  Inn  nLtn  ehlciroplatinouii  ncid  (the  most  Imrniful  of  all  impurities  for  IIilh 
reagent)  and  DitHMQ-piatinfo  chloride,   |l't('l.l(\'0)t.     Those  facts  mu«i  Ik-  bont 

in  : . ii »i. J  in  |"i|niriiin  the  reutent 

Bint  of  all,  clean  the  *  trips  of  platinum  l»y  Ixiiling  them  with  concentrated  hydro- 
chloric ncid  ami  washing  with  water.  Then  plui  '>"■  plntinum  in  o  cupm-iou* 
(task,  pour  over  it  concentrated  hydrochloric  acid,  and  add  oHvk  IflM  Httk  by 
little,  with  continuous,  gentle  heating  on  the  water-hath.  All  the  phihrnmi  and 
notnc  iridium  in  thus  brought  nit"  »"luli"ii  while  some  «i  tin-  Inner  im-tal  usually 
remains  undissolved  an  a  black  powtfar. 

Decant  the  ■ohitfaa  (■ithoul  itopptaf  i"  Bhr]  into  a  porcelain  evaporatiag- 
dish  and  evaporate  to  sirupy  consistency  Dissolve  the  residue  in  water,  add  aome 
•odium  formate  and  sodium  carbonate  until  the  solution  is  slightly  alkaline.     Heat 
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(In-  -mill  t  Km  i<i  I  Killing  v.  Incli  causal  ilir  |iirri|utiition  of  the  platinum  and  iridium 
in  H  fan  nmutM  bi  i  black  powder.  Thin  operation  -»lioultl  he  performed  [n  %  large 
cvaporating-dish,  on  account  of  I  lit  tridJaot  affcnrcaoCDa  dim  Ifi  (ht  escape  of  carbon 
dioxide  IVmr  oh*  the  supernatant  liquid  ud  waah  the  r.-.- 1.  Iu<-  .mi  ,1  timea  with 
hydrochloric  acid  to  remove  the  sodium  wit,  and  IliuUlv  with  wnt«t  to  remove  the 
acid.  Dry  the  powder,  which  contains  iridium  and  plutinum  (in  the  presence  of 
one  another.  Iml  not  alloyed  together)  mid  ignite  il  -trongly  in  ;«  porcelain  crucible 
Livci  I  hf  blast-lamp  i  whereby  I  In-  iridium  is  made  insoluble  in  mnni  ngi.-i),  and 
than  weigh.  Diawlvt  the  ignited  gray  molid  (at  an  low  »  l.inpir.itiirc  M  iwk.mUi-i 
ilrochloric  arid,  with  gradmu  addition  of  imrn  Kid,  Considerable  quantities 
of  nitn>8o-i>i:iiiiiir  efaloride  are  Conned  by  All  operation,  on  evaporating  with 
water,  tin*  oonpound  ta  decomposed  into  ahlaroplatinK  acid,  witii  evolntion  of 
oxides  of  nitrogen : 

ll'tt  i.    !<0     fr  11,0-  NO,  T  +  NO  T  +  HsfJPtCM. 

An,  however,  h  pari  of  t In-  NOi  (or  .V<M  remains  in  solution,  some  more  nitric 
und  nitrous  ueidi  are  formed  by  the  action  of  water, 

'.  +  IUO  -  BNOi   ,   HN<»:, 
which   yield   nitrosyl   chloride  with    the   hydrochloric   mid   pntmt,   and   CWH   the 
formation  of  more  aHnao  pUtbak  i  Um 

It  in  necessary,  therefore,  lo  anponta  the  volution  nltcrmit.ly  with  hydro- 
i-iilniii-  eoid  end  tntn  water  until  no  mora  nitrous  Fuidc*  nn-  given  «>iT .  The  dilu- 
tion thin  obtained  always  contains  some  chloroplatinous  acid,  and  is  intensely 
brawn,  In  urder  to  ohaogJB  Ulia  [aal  oompotstd  Into  chloroplatinic  acid,  saturate 
iln  vviirm  subitum  irttb  chlorine  gas  (whereby  its  color  becomes  BUlofa  lighter)  and 
then  •  v.i|Hii!»u>  (at  a*  low  tampeeature  in  poniblej  I'll  It  beoOUMI  of  sirupy  consist- 
ency. After  cooling,  the  sirup  crystallize*  to  I  yellowish-brown  rniixs,  v.l.i.  li  may 
l»  dissolved  in  a  little  BOk  water,  Bid  <!'■•  ■Oaohibla  Iridium  filtered  off. 

If  there  is  a  considerable  amount  of  the  latter  metal  Ignite  it  in  a  purccliiiii 
crucible  and  weigh.  The  weight  of  the  iridium  should  be  deducted  from  the  jjre- 
viou*  weight  of  Hie  mixture,  in  order  to  find  out  In. v.  much  platinum  remaina  in 
solution. 

Dilute  'he  filtered  solution  with  water  until  1<X)  BO.  of  tho  BOrUttOB.  contain 
10  pni.  of  [jlntLniim . 

2,    Preparation  of  CUot  Acid  from  I'Uitinum  litxitlur*. — These  residues 

consist  of  potassium  cMoroptatuofa  and  toe  ■leoboKe  wash-waters. 

By  evaporating  an  alcoholic  solution  of  chloroplatinic  acid,  chloropiatiruiUH 
acid  and  ethylene  are  formed,  which  yield  ethylene  pint  mom  chloride;  this  last 
n impound  gives  no  precipitin  ion  with  potassium  m  ; nun  salts: 

I!,|Pt<-|.|  ♦  2(MI,<>U      i  'il'  -no-i   ISO  l  t'rll,|Pt<-|.|  •(-  H,o. 

Alrabol  Al.lel.yda 

On  evaporating  an  alcoholic  solution  i  i  this  soluble  organic  platinum  OQatpQUxl, 

it  i-  ■  (•-■in  •_•..  -  *  iiiln  BO  m^'liil'li-  '  bath  ia  explosive  when  dry,  insoluble  in 

acids.  /(imposed  by  strong  ignition  only. 

To  separate  platinum,  therefore,  from   platinum   p  Brat  evaporate  the 

alcoholic  solution  to  dryrwm,  take  up  thi  rasidne  in  rater,  mid  pour  the  -"lotion 
into  caustic  soda  (sp.  gr.  1.2),  to  which  8  per  cent  of  glycerol  ■  hoe  l»«n 
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Heat  the  liquid  to  boiling,  which  causes  the  platinum  to  bo  precipituted  ax  a  heavy 

OMOK  pOWtlfT, 

2  e,il,0,  +  6  H,IPtCI,|  +  6  II.O  =  36  HO  +  2  CO,  T  +2  H,CiO«  +  fiPt. 
Glycerol  Oxalic  wid 

Wash  tli'-  |n>w<ler  first  with  water,  tlien  with  hydroclilurir  :n  i.l.  tod  finally  with 
wain  again.  Dry,  ignite  (to  destroy  any  of  the  organic  eomjKmnd),  weigh  and 
transform,  an  before,  into  chloroplntinic  acid. 

Reaction*  in    the  Dry   Way 

All  platinum  compounds,  when  lieuteil  with  sodu  on  charcoal,  arc 
reduced  to  the  gray,  spongy  metal,  which  assumes  a  metallic  luster 
on  being  rubbed  with  a  pestle  in  an  agate  mortar.  It  can  be  dis- 
tingUttbed  from  gold  by  its  color,  utul  from  lend,  tin,  and  silver  by  its 
infuaibility  and  insolubility. 

Separation  of  Gold  from  Platinum 

Precipitate  the  platinum  from  a  concentrated  solution  with  a  solu- 
tion of  ammonium  chloride;  filter  and  treat  the  solution  with  ferrous 
sulfate  to  precipitate  the  gold. 

The  separation  may  take  place  in  the  reverse  order  in  Home  such  way  as  follows: 
Evaporate  the  solution  nearly  to  dryness  and,  in  on*  nitric  acid  is  present,  add 
hydrochloric  iejd  m.i  evaporate  again,  repeating  the  operation  if  necessary.  Then 
li>  the  dilute  subitum  fr.iin  wlueh  :.ll  nit  mi  iienl  DM  l-ceri  removed  and  in  which  hut 
little  hydrochloric  acid  remain*,  odd  n  slight  BX0OM  of  sodium  oxalate  and  heat  for 
time:  gold  ia  precipitated  and  platinum  remains  dissolved.  Filter,  add 
ammonium  chloride  and  evaporate  ulmo.it  to  dryness.  Treat  the  residua!  salt* 
with  alcohol  which  dissolves  I  In-  sodium  oxalate  ml  .mnmiihuuiii  ehlorulr  leaving 
behind  ammonium  rhlnroplatinnte.  If  only  a  little  pliitiniirn  is  present,  tvSpONtt 
the  filtrate  from  the  gold  to  dryness,  ignite  to  destroy  the  oxalate,  wash  the  n 
pint  mum  with  water  to  dissolve  sodium  carbonate,  dissolve  the  platinum  in  ■  little 
aqua  rngia,  odd  ammonium  ebbiriili'  <uni  i'iiiitin:i.  i     I     I 

AnalynU  of  Croup  It 

Gold  anil  pi  annum  are  two  well-known  metals  which  really  belong  to  this  group, 
but  they  arc  seldom  present  in  larse  quantities  in  ordinary  mineral  analysis  and 
the  detection  of  small  quantities  Is  so  important  that  it  in  customary  to  test  for 
them  separately  as  has  been  indicated  fcf.  pp.  282  and  2s 7 

The  metals  of  the  second  group  are  precipitated  as  sulfides  by  means  of  hydrogen 
sulfide  in  the  presence  of  0  3-normid  mineral  acid  The  theory  governing  fib*  r"*- 
oipitetiofl  of  sulfide  was  diaeuMcd  on  pp.  13,  48,  lfi3,  107.  etc.  In  0.3-normal 
mineral  acid,  tlie  concentration  of  sulfur  ions,  formed  by  the  ionization  of  hydrogen 
sulfide,  u  made  so  small  that  the  solubility  products  of  the  sulfides  of  shir,  i  I 
Mbalt,  iron  and  manganese  are  not  reached  unless  large  quantities  of  these  elements 
are  present  in  solution.  In  quantities  up  to  0.5  gin.  of  metal,  line  sulfide  Li  the 
only  on"  \-  In.  I.  (a  at  all  likely  to  precipitate  |n  m  M  .  i  this  concentration,  and  then 
only  when  it  u  carried  down  with  a  considerable  quantity  of  some  second-group 
metal.     The  solubility-product  of   leiul   sulfide   ia  about   4.2  X  10~"  and  that  of 
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cadmium  sulfide  is  3.0  X  10  »,  while  that  of  »inc  sulfide  is  1.2  X  10-*".  Compan-d 
■a  i  1 1 1  1 1  n  r-  nri<-  sulfide,  with  it-  -..lul  .il  il  v-pri».  tu.i  <  .f  +.0X  lO"",  lend  sulfide  is 
i|iiiic  lohjble,  but  compared  with  tine  sulfide,  it  in  much  Im»  soluble  In  precipi- 
tating these  sulfides  there  i»  SOflM  tendency  lur  the  sulfide  precipitate  In  carry 
down  with  it  MOM  0l  I  hi  "  ■  - 1 ; » I  -  >il  the  succeeding  gtoups  parth  by  ad.-nrptimi,  Lul. 
this  tendency  i*  *<•  slight  that  even  with  zinc  the  test  is  usually  obtained  in  the 
proper  place  when  an  much  an  2  lugs,  art  originally  present. 

The  solubilities  of  the  sulfides  of  the  second  group  vary  >n  greatly  that  n  is  |s«u 
riUa  t"  sepunit-    tin  ■  •■  ■  unc  another  by   regulating  the  acid  concent r  iimn   m. 

that  enough  Mtilfta  ions  are  furnish i-<l  by  hydrogen  sulfide  to  precipitate  one  metal 
and  not.  toother.  For  the  Bame  reason,  when  hydrogen  sulfide  is  puwd  into  the 
acid  solution,  tfafl  DM!)  bogoblMe.  -■'  !!>«:■-  h  pi"ipitatcd  first  and  very  little,  if  nny, 
of  a  BON  soluble  wlfitlc  is  formed  until  the  precipitation  of  the  former  is  complete. 
In  this  respect  the  behavior  of  arsenic  form-  an  apparent  except  nm,  but  this  ix 
due.  as  already  pointed  out  (p.  244),  to  the  absence  of  an  appreciable  quantity  of 
M  cations  in  tin-  solution  of  uu  ifeenatsi  The  order  in  which  t  b.-  nwtab  are 
I'M  ■  'pitated  as  sulfide-  fam  OOld  solutiona,  us  the  add  concentration  is  progressively 
\.-cd,  is  apprnxiinat.ly  M  follows:  arsenic,  mercury  and  copper;  antimony, 
bismuth  mill  stannic  tin;  cinlniiuin,  lend  and  stannous  tin;  sine,  iron,  nickel  qo> 
ball  and  manganese.     It  will  lie  noticed  that  zinc,  is  placed  a  little  in  front  of  nickel 

.■mil    cobalt    in    this   arrangement.      This    in    the    proper    order   for  the    preeipiri' mn. 

hut  after  the  sulfidea  have  lam  formed  u  sihort  time,  niokd  and  cobalt  sulfides 
become  less  soluble  than  frnthly-prccipii  it.  d  cadmium,  had  OK  stannous  sulfide. 

I'Ik  theory  of  the  solution  of  the  sulfides  has  also  been  indicated  (pp.  153,  190). 
Tin-  mom  aolUb!e  sulfidea  can  he  dissolved  by  merely  iucreasinR  the  concentration 
•  if  the  hydrogen  ion.  Thus  the  .lulfidin  of  antimony,  tin,  lead,  cadmium,  etc  IB 
be  dissolved  by  treatment  with  concentrated  hydrochloric  acid.  Heating  the 
solution  to  expel  hydrogen  sulfide  hastens  the  dissolving,  but  the  most  effective 
ex|M'(lieiil  is  to  add  an  oxidizing  agent,  which  oxidize-,  tin-  -.ullide  inns  as  fast  H  tin ■'.' 
are  fonn<*l  in  i.lnin.ij  l'lni>  even  mercuric  and  arsenic  sulfide*  will  dissolve 
n-jidily  ..ii  In tng  treated  with  iiqu.i  rcgia  or  with  bromine  water. 

Two  methods  for  analysing  this  group  of  cationB  will  be  described.  The  first 
jn.ilii.il  i-  based  upon  the  preliminary  separation  of  erttmic,  antbnonii  and  tin  from 
ml.  Ui.-.mutli,  criji/Hr  and  aulmiiim  by  taking  advantage  of  the  fact  that 
the  first  three  element*  mentioned  form  sulfide*  which  dissolve  in  ammonium  poly- 
sulfidc  solution.  The  second  method  "  i-  atnBaY  m  principle  except  thai  by  Using 
sodium  poly  sulfide,  Um  sulfidea  of  mercury,  nntruic,  antimony  and  /in  are  dissolved 
leaving  behind  tbf  sulfide*  of  had,  bismuth,  capper  and  cadmium  which  do  not  dis- 

-nl'.e,  except  iii  very  small  quint it ie»,  in  either  sodium  polysulhde  or  in  ami nun 

|ii'lv»ulfide. 

Moat  of  the  sulfidea  of  the  copper  group  show  a  slight  tendency  to  dissolve  in 
either  kodaatn  or  ammonium  potysolfide,  Thus  5  tn  10  mgs.  of  CflS  and  0,5  to 
l.fl  nig*  «.f  llg>  iii.-i%  devolve  m  ammonium  polysulfidc.  None  of  the  sulfides, 
howrver,  rliv-.vlve  in  any  .vti-nt  in  ammonium  riioniKiillide  In  sodium  poly.mlfide, 
of  the  concentration  recommended,  not  more  than  I  mg.  of  copper  and  bismuth 
sulfides  dissolve  under  normal  conditions,  the  other  sulfides  of  the  cuppa  group 
are  even  leas  soluble  m  aoettum  pnlyMilfide.     The  acta  I  'win*  sodium  poly- 

sulfide lies  in  the  fact  that  it  accomplishes  in  most  cases  a  cleaner  separation  of  the 
tin  group  from  the  copper  group 

•  Cf.  A    V    NOXW  Qunlitatii*CkmicalAnalvtU.ti\t.U\\i*'diiv>H,  1920. 
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The  sulfide*  of  arsenic,  antimony  »nd  tin  dissolve  readily  in  B-nornisI  ammonium 
poiysulfide  solution.  It  is  easy  to  dissolve  0  5  gm.  of  arsenic  either  a*  A»,S»  or  as 
AbA.  0.5  Rm.  of  antimony  as  Sb»S»  or  (Ui  gm.  of  tin  as  Hn»S»  in  either  ammonium 
monosulfide  or  the  polysuliidc.  Scarcely  any  SnS  ami  ui.lv  about  0.1  gin.  of  anti- 
mony as  SbjSi  will  dissolve  in  25  cc.  of  6-nonnul  ammonium  BOBONlfldSj  but  as 
much  as  0.5  gm.  of  either  BoB  or  Sl»>s.  will  dissolve  in  the  aamo  quantity  of 
ammonium  poiysulfide.  Ammonium  monosulfide  dissolves  scarcely  any  of  the 
sulfide*  of  the  other  subgroup,  so  that  when  the  antimony  and  tin  lit  fcnou  to  be 
present  in  the  higher  state  of  oxidation,  it  is  advisable  to  use  ammonium  unhide 
rather  than  the  polysuludt:  for  the  separation  of  the  two  subgroups. 

TABLE   IX.  -  SEPARATION   OF  THE  COPPER  AND  TIN  Q20UP9 

METHOD    A 


Solution   miiv   contain:    Hg-H-.    Pb'H-.   Bi-H-+.  Cu+-t-,  Cd++,    As-t-M-.    AsO, . 

A<<  I.      -.  Sb+-M-.  Sb«'t»>  e,  SbO. ,  Sn++.  Sn++++  and  Groups  III.  IV  and 

V .      Make  the  solution  0.3-ruinrud   uilh  lit 'I   ami  solurnte  with  IffS.      Fitter  and  tJ- 
aminethefiUraUforOnVjft  III.  IV ""il  \\     Trml  iht  pro -i/iitaU  with  (A7/ ,),£».    (I) 


Residue:  HgS.  PbS,  Bi,S„ 

CuS.  CdS. 
Examine  by   Table  X.  (2) 


Solution:  [AsS«r 
AMHt'l.     (3) 


.  |SbS. 


-.[SnS. 


Precipitate:   AsiS,,  Sb,S4, 
SnS,,  S. 
Examine- by  Table  XI.  (3) 


Filtrate:  NH.CI. 
Ktjecl. 


fat 


PROCEDURE 

1 .  Add  to  tlur  neutral  solution  5  cc.  of  8-normal  hydrorhlorir  arid  and  saturate 
will*  hydrogen  sulfide  in  the  cold.  Filter  promptly  and  wash  with  hot  wnter  con- 
taining hydrogen  sulfide.  Heat  the  filtrate  to  bulling  and  pom  hydrogen  sulfide 
into  it  for  im  minute*  to  make  sure  that  all  arsenic  will  be  precipitated.  If  a  yellow 
precipitate  is  formed  slmvlv  by  t lii.i  treatment,  filter  it  off  through  a  new  filter  *ud 
evaporate  the  filtrate  nearly  to  dryness.  Then  odd  10  cc.  of  12-normal  hydro- 
chloric ncid,  saturate  the  .old  solution  with  hydrogen  sulfide,  heat  nearly  to  bttliag 
and  again  introduce  hydrogen  sulfide.  Cool,  dilute  to  100  cc.  and  saturate  again 
with  hydrogen  sulfide.  Filter  off  the  precipitate  and  examine  the  filtrate  for  the 
metal*  of  Group*  III,  IV.  itn.l  V  ief  ,.  199  or  203).  This  repeated  treatment  will. 
hydrogen  sullidi  i-  necessary  when  considers!1  ;•■  is  present  (cf.  p.  244). 

2.  I  Uu ipndpftalad  sulfides  to  a  porcelain  dish  and  odd  nhout  10  ee.  of 
ammonium  poiysulfide  [a  nontotdofu  DMB0I  H  is  certain  that  the 
precipitate  contains  no  *t  illide  nor  :■  lurg*  quantity  of  antimony  trisulfide). 
0m«  she  dfab  and  wnrm  gently  for  a  short  time  with  frequent  stirring.  Dl  ttl 
with  n  little  water.  tilT.-r  and  wash  wit li  hm  mar  containing  a  little  smnx 
sulfide.  If  the  original  ntiilui:  was  large  ami  '!■■■  tr.ntment  with  ammonium  sulfide 
has  evidently  reduced  iU  bulk,  it  is  advisable  to  repeat  the  treatment  with  ammct. nun 
sulfide  in  order  to  make  sure  that  til  of  the  nrsenic,  antimony  and  tin  sulfide*  have 
been  convrrt<-d  into  soluble  thio  salts.  Examine  the  residue  l«y  the  method  out- 
lined in  Table  X, 
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3.   Dilute  the  ammonium  sulfide  extract  with  :ui  i-ipnil  volume  cd  ffttej  add 

hydroclil acid  until  the  stored  solution  i»  acid  to  litmus,  heat  to  l>oiling  and 

filter  aa  soon  aa  the  Mil  tides  of  arsenic,  nntimony  and  tin  have  settled.     Reject  the 
filtrate  and  examine  the  precipitate  by  the  method  outlined  in  Table  XI. 

TAB1  EX—  ANALYSIS  OF  THE  COPPER  GROUP 


Residue  from  Table  IX:  HgS.  I'bS,  IJirfJ,,  Curt,  Odd  Boil  with  2-normal  UNO,.    II) 


Rofidue    Hi;.--. 

DUuiln.        in 

aqua  regia  or 
in  bromvu 
water.  Di- 
luU-,  fiUt  "U 

S,      find      I.-.  I 

.r,:i,  SnCl,. 
White  a 
itatenfllg,a, 
//fftrlrO 
m  n  gray 
precipitate 
of  Ha,CI,  (or 
Hg,Br,)  +  Hg 
show*  pres- 
ence of  II a. 
(2) 


Solution:    Pb++.    Bi+++.    Cu++,    Cd++. 
evaporate,  dilute  and  filter.     (3) 


Add    O-mirinai    NySO,, 


Precipitate 

)'i.s6«. 

Dienohe  t" 
.Y//.<',//,0, 
solution  and 
add  A.',CrO.. 
Y.Uui,  ,...,. 
ripilnU  of 
PbCrO, 
shows  pres- 
ence of  Pb. 
(4) 


Filtrate:  Bi+++,  Cu-m-.CJ-m-. 
Add 6- normal  XII, oil  m  excess.    (5) 


I'm  imitate: 
BiiOII ),.  Dissolve 
in  NCI,  concentrate 
the  tolttbn  Bud 
l>nur  it  into 
utile  water  Whiti 
prsd  pilutr  "f  HifH'l 
indicates     the     prts- 

j)  bxtmulh. 
Filter    and   add 
tnOf.         Btaei 
<r  is  Bi.     (8) 


Solution: 

|Cu<NH,).l++.  !Cd(NH,).l++. 

A  blue  eolutian  shows  I  V 

If  in  doubt,  odd  IICiH,(J,  and 
K,Fc(CN)i  la  a  ■portion  uj  the 
tolvtkn  Red  precipitate 
fhmix  f'u.     (7) 

De.colfiritc  the  solution,  if  m 
*ary,   with  Kf'N  and  test  tciih 
//■../■>'.      Yellow  prteipitatt 
..'  <  ;IS  show*  presence  of  Cd. 
(8) 


PBOCKDUBt 

1.  Trent  tlw  nwiduc  from  the  ammonium  sulfide  treatment  (Table  IX)  with 
'J-normal  nitric  soldi  1  xnlirtfc  for  n  short,  time.  Filter  and  wa*h  with  hot  dilute 
nitric  acid.    Examine  the  filtrate  by  (3). 

2.  Transfer  the  residue,  nnd  n  pnrt  of  the  filter  if  necessary,  to  a  porcelain  dish 
and  digest  with  hot  aqua  regis,  or  warm  villi  saturated  bromine  water.  Boil  off 
the  excess  of  chlorine  or  Immune,  but  do  not  evaporate  to  dryness  on  account  of 
l lie  (limner  of  Icwing  wjinc  mercuric  Ball  l>v  TfrlatiHaStirrn  Dilute  somewhat  and 
tiller  BoOletfaDflB,  when  tin-  clriiienfutf  IheOOppel  |TOUp  are  present  in  large  quan- 
tity, ths  ratidlM  "f  nlfui  (and  Bite  paper)  will  coatlin  metastamiic  ncid.  To 
recover  the  tin,  digest  the  residue  with  bromine  again  if  it  is  at  ail  dark  colored, 

n.l  rajntn  lbs  filtrate.  Then  warm  the  residue  with  a  little  ammonium  sulfide 
solution  .Hid  add  K  to  the  solution  obtained  upon  treat  maul  of  the  original  hydrogen 
sulfide  precipitate  with  ammonium  polyaulfide  (Table  IX).  Teat  the  Bolution 
obtained  by  the  abaft  treatment  with  aqun  rt'ina.  nr  bromine,  for  inn.  in',  by 
adding  stannous  chloride  wdutum.  A  vMti  yrenpHaU  of  llg,('l,  or  llQtlir,  shown 
that  mercury  u  present.  The  precipitate  turn*  gray  when  an  excess  of  ritiinnuu* 
chloride  is  added  let   0.213). 

3.  To  the  filtrate  nlii  iiin.i  n  Hi  idd  10  cc.  of  6-normaI  sulfuric  acid  mid  •flp0> 
rate  in  a  porcclnin  di*h  until  whiti:  f inner,  of  sulfuric  acid  are  ev<ilved.  The  purpose 
"f  this  treatment  is  to  expel  all  nitric  aeid,  in  which  lead  sulfate  i.i  somewhat  soluble. 
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Cool  and  pour  into  10  <■<■  of  wain,  rinsing  •  >»i»  the  dish  with  :i  little  bold  wum 
Stir  well  and  lot  the  solution  stand  five  minute  Iml  not  much  longer,  l/ilten 
treat  the  filtrate  by  (5).  When  much  bismuth,  la  present  some  DatSc  bismuth  milfute 
is  often  precipitated  with  tin-  lead  sulfate,  but  the  greater  part  or  the  bismuth  will 
remain  in  solution,  particularly  if  the  water  is  kept  cold.  The  basic  bismuth  sul- 
fate, i.BiO)£Oi,  i»  more  coarsely  crystalline  than  lead  sulfate.  When  such  a  pre- 
cipitate is  obtained,  treat  it  with  10  ce.  of  hot,  G-normal  hydrochloric  acid,  add 
hi  !•(•  of  ii-rn.i  m.il  sulfuric  :■■]<!  nnd  ev.iporaic  H  nbove.  The  precipitaie  Oi  lean1 
sulfate  now  obtained  will  be  free  from  bismuth  The  treatment  of  the  first  .sullatc 
precipitate  with  hydrochloric  acid  will  dissolve  a  part  or  all  uf  the  lend  sulfate. 

4.  Dissolve  the  precipitate  uf  lead  sulfate  liy  pnuriuK  small  portions  of  hot 
3-normol  ammonium  acetate  solution  through  the  filter-  Do  not  use  over  25  cc. 
of  the  acetate  solution  und  wash  OD0C  with  h"t  water  uftcr  each  addition  of  the 
acetate      To  the  solution  thus  obtained  ;nlil  I  few  dn>|K  of  potassium  chromute 

solution  and  -  lo  .1  ec.  of  li-noruml  acetic  aeid.        1    in  lloit  pn  ttpiti'lr  uj  lutil  i  hruninti . 

inxnluMe  in  ore/if  acid,  s/inirs  the  presence  of  lead,  bismuth  chromute  ts  readily 
soluble  in  ucet ic-  acid, 

'>.  NiMitrali/.e  the  filtrate  obtained  in  (3)  with  ammonia,  union  a  IBmN]  excess 
Thia  serves  to  precipitate  bismuth  hydroxide  and  form  soluble  complex  cations 
with  copper  and  cadmium.  If  the  original  hydrogen  sulfide  precipitate  was  no! 
washed  thoroughly,  n  precipitate  of  ferric  hydroxide  or  of  aluminium  hydroxide 
may  be  obtained  nt.  this  point.  Both  of  these  precipitate*  have  a  different  appear- 
lmn  bismuth  hydroxide  and  do  not  give  the  confirmatory  test  for  bismuth 
Examine  the  filtrate  by  (7). 

tj.  Pour  a  little  0-normal  hydrochloric  acid  through  the  filter  containing  ilie 
bismuth  hydroxide  and  evaporate  till  only  a  few  drops  of  lupin!  remain,  or  a  moist 
residue.  Add  1  or S 00- of  wuter  and  POUT  into  100 00  "[  hot .  wnter.  After  standing 
two  or  three  minutes,  tiller  off  any  Bit  ><"l  and  wash  once  with  cold  water.  Prepare 
■  fresh  solution  of  sodium  stnnmte  by  taking  n  few  dro|*  of  stannous  chloride  solu- 
tion, diluting  with  5  cc.  of  water  and  adding  sodium  hydroxide  solution,  n  few  drops 
at  i.  time,  until  the  Sn(OH)i  which  first  formB  redissolves.  Pour  this  solution  through 
the  filter  continuing  the  BiOC'l  A  Mark  renidtif  of  bismuth  is  obtained  when  this 
element  is  present  uf.  p.  l'-*u. 

7.  If  the  nmrnoniacul  filtrate  from  (.r>)  is  blue,  copper  i*  yrrtrir  Tin  only 
otheT  element  which  is  likely  t"  be  confused  with  copper  nt  this  point  is  nickel, 
which  also  forms  a  blue  solution  with  ammonia.  The  color  of  the  ammooiacal 
nickel  solution  is  very  much  paler  than  that  of  the  corresponding  copper  solution, 
and  it  is  rare  that  enough  nickel  is  left  with  the  hydrogen  sulfide  precipitate,  due 
to  incomplete  washing,  to  cause  trouble       In  ,  i  doubt,  acidify  a  little  of  the 

ammoniaca!  solution  with  acetic  acid  and  add  one  drop  of  potassium  ferrocyanide 
solution.  A  red  precipitate  of  C\it\Pe(C\')»]  m  formed  if  copper  is  pnesrnf.  The 
teat  is  much  more  sensitive  than  the  blue  test  with  ammonia;  nickel,  under  the 
same  conditions,  given  a  lew  characteristic  green  precipitate. 

(8)  If  the  ammoninrnl  solution  is  blue,  add  potassium  cyanide  solution  until  :i 
is  colorless,  or  only  n  few  drops  if  the  solution  is  already  colorless.  Pass  hydrogen 
sulfide  into  the  solution  for  half  a  minute.  .4  yellow  prretpitaie  of  cadmium  gtdfide 
i*  formed  if  cadmium  w  present.  A  red  precipitate  of  (CSNHi)i  may  be  formed  II 
i i.b  BUS  i*  added  (p.  232) 

Sometimes  a  small  black  precipitate  is  obtained  in  the  .  mnmnm  trot  which  is 
most  likely  due  to  ■  little  mercury  or  lead  that  was  not  properly  removed  from  the 
i.hitmn.      In  such  ciwea,  filter  off  the  precipitate,  wash  it  with  water  until  fnv  from 


•JTJ 


ntOQEN 


cyanide  and  hoil  gently  for  five  to  ten  minute*  in  a  ootaed  ■  li^ li  with  about  1."  .  i 
of  1.2-normal  sulfuric  uml  iti-normal  laid  diluted  with  tour  volume-,  "I  water  . 
Tins  serves  to  dissolve  cadmium  ulfi.l. .  I.ut  will  not  dissolve  topper  or  mercurj 
sulfides  and  should  OODTO  I  lead  sulfide  into  load  sulfate  Filter,  dilute  with  tint 
times  u  iinnli  mtec  and  saturate  with  hydrogen  sulfide.  A  yellow  precipitate  Ml 
cadmium  sulfide  will  now  lx>  obtained  if  imdrnhim  la  present. 

TABLE  XI.  — ANALYSIS  OF  THE  oJ&SENlG-TIN   GROUP 

Precipitate  from  Table  IX:   SkBsS*  UbA,  SnS,,  ft     Warm  with  Vl-m.rmul  IfCl.    (|) 


Residue:  AsiS».     Dissolve  in  6- 
tiormol     HCl     and     KCIO,. 

Kinpnrnle,  ililutr,  nrutrtilizt 
Witt  Sll.u!!  nnd  odd  MqCh- 
\  II t('l  nutrition.  A  white  pri- 
cipilate  uf  MyNIIJisOt  wdi- 
B0fM  Ah.  iJusolvr  in  tt-fini- 
•Kd  HO,  and  frea*  tciin  //,-S. 
K*i/ow  precipitate 
A*tS>  thou'*  A».     (2) 


Solution:  ShCIt  ,  SnC'l,  Evaporate  to  smalt 
ruluim.  pout  upon  clean  platinum  Jail,  and  place 
a  cloin  piei  i  of  zinc  in  the  tululion;  a  hlack  spot 
OH  the  platinum  indiiirlet  Sb.  When  the  trolu- 
twn  of  hydrogen  hat  ceased,  remove  the  zinr  ami. 
if  uny  tin  depo»it  adhere*  '"  the  platinum,  rub  it 
off  and  tisaoue  it,  with  the  remaining  tine  el  a 
small  test-tube  in  one  or  two  drops  of  concentrated 
tu&rnchliiric  acid,  Dilute  with  water  nnd  add  a 
drops  of  mercuric  ehl.'i  lit  SoIurMM.  .4  while 
or  gray  precipitate  shows  .S'n  is  present.     (3) 


fHOCEDUltE 

1,  Transfer  the  sulfides  of  arsenic,  antimony  and  tin,  which  are  mixed  with 
oonsiderahle  free  sulfur,  tu  :i  iionelfiiti  dish  and  diRttrt  fur  about  fifteen  minutes 
with  12-norm.il  hydrochloric  acid.  I  lent  gently,  hut  do  not  l>oil  hard.  This  serves 
to  diwolvr  antimony  pcntasullidc  (forming,  antimony  tricliloride  which  unites  vsith 
Hi 'I  to  form  IISICI.)  nnd  Btuaio  sulfide  (forming  stannic  chloride  which  form* 
HySnCI,  with  HC'l  I  Imt  does  not  lllsstllve  lllimll  >'  my,  inenii-  pentasuUide.  Dilute 
with  a  little  water  and  filter.     Treat  the  solution  by 

2,  Heat  tli>-  rr-i.|iir  uf  arsenic  Btllfidi  unli  ].*  ,■■■  ,,f  6-mirmoi  hydrochloric  acid 
iiinl  ai Id  powdered  pnlaaaiUD)  'hloratc  from  time  to  time  m  Mimll  portiOBI  Ulin: 
:ill  tin-  JRsflOW  Sulfide  linn  ititflnrt.  dilute  ...nnu-liat  and  filter  wit"  the  te-i-lual  sulfur. 

Tate  the  »olute  <i'  '-'  ■  ■<• ,  :»H  '''-normal  ummonia  in  considerable  excess 

andafpwdrorKof  mRciH^iiiiii-iuiinioniiiinihlnriilereaKpnt  If  no  precipitate  form*  at 
.iinr,  .1  ii  \  ii-.i.'.iu  .1  y  and  ruli  the  iii-.ii  U-  Mill-  of  the  glass  vcswl  with  the  stirring  rod 
and  let  the  solution  stand  at  least  an  hour.  If  a  precipitate  of  BUfMaluiD  ammonium 
arsenate.  MgNH.Wh.  form-.  DOtD  of  the  liquid  thruutth  I  hit. -r  nnd  dissolve  the 
precipitate  m  ""  DO  Of  S^Onnd  hydrwhl'nn  n  nl  Snturntc  the  Jiolution  with 
hydroeen  sulfiilc.  hent  to  bofliBJ  afld  IgaJfl  [fltfOdUM  bydrVtfUU  mltide  for  at  least 
five  minutes.      A  yetioiv  fnetfUaU  •>!  Of  Id*  ictll  farm  if  a*  mueh  an  1  m,j   ,,f 

arsenic  it  pretcnl. 

3-   Evnjxi;  dutionof  HShCh  tad  Il.--'i''   i .,  ofal  lined  in  (1),  to  a  very  xmnll 

volume  and  pour  a  few  drops  of  tin  OOnociUrmUd  solution  lipoD  .i  im-ce  of  clean 
platinum  foB.  Place  a  small  piece  of  bright  Jin.  in  (be  liquid  m  thai  it  e.-mes  in 
i-ontsei  •.-.  ill.  ■  •  -.1  h  sol  it  "  'i  \fter  a  few  seconds,  take  away  the  inn- 

anil  notice  whether  a  coal  Mack  syml  of  omtt  UDOO  the  platinum. 

Mercury  and  copper  if  present  wfl]  «J.-» ■  l»-  pretttpitatcd  IMJMn  the  plntinnn      hut   the 

merniry  ile|xwit  is  gray  arid  il.e  -  upper  deposit  <-■  red      The  nntirnony  siHit  is  u     i| 
uble  in  sodiutn  hypochlorite  soluti.ni    ej    pp.  '2'A),  264). 
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Replace  the  zinc  ii|hhi  l.hc  |il:iliinim  foil  and  allow  the  action  to  i-ontimic  until 
there  ■  00  more  evolution  of  hydrogen.  Then  rinse  carefully  with  distilled  water, 
taking  cure  not  to  disturb  the  contact  of  the  2111c  with  Hit-  platinum.  Take  away 
the  line  and  carefully  remove  any  tin  that  may  adhere  to  the  platinum.  Dissolve 
the  mixture  of  tin  and  sine  in  one  or  two  drops  of  conccntrati-d  hydrochloric  | 
Dilute  the  Kolu  til  hi  111  :  t  very  small  test-tube  with  I  Itiilc  nto  and  add  a  few  drop* 
of  mercuric  chloride  solution.  .4  white  precipitate  0/  mercuroiit  chloride  which  usually 
turn*  gray  shorn  the  prtxrnc:  nf  tin. 

SUITLEMENTART    PROCEDURES 

Analysis  of  Arsenic-Tin  Group 

A.  If  the  Mlfidfi  precipitate,  obtained  by  acidifying  the  ammonium  polyuulfide 
solution,  consist*  chiefly  of  anionic  pcntnsulfide,  it  is  best  to  dissolve  the  ursenie 
sulfide  first  by  means  of  ammonium  carbonate  solution  (p.  245).  Then  1  he  residue  of 
Sb&,  SnSt  and  S  can  be  examined  for  antimony  and  tin. 

To  detect  the  arsenic  in  the  ammonium  carbonate  solution,  add  hydrochloric 
n  id,  wblcb  repn-cipitatea  arsenic  pentasulhde.  Duaolve  the  sulfide  a*  indicated  in 
Table  XI  and  confirm  the  arsenic  test  as  described  th.-n-. 

B.  An  cMi'lhiil  mrtliod  for  separating  antimony  and  tin  is  based  upon  the  fact 
that  antimony  trisulHde  is  less  soluble  than  the  sulfides  of  tin.  To  accomplish  the 
separation,  proceed  as  follows: 

Dissolve  the  sulfides  of  antimony  and  tin  as  described  nbove  in  exactly  10  ec.  of 
12- norma  I  liydroehturii-  :i <-nl ,  when  then-  im  no  further  evolution  of  hydrogen  sulfide 
gas,  dilute  with  'i  00.  oJ  water  and  filter  with  the  aid  of  miction.  Dilute  the  filtrate 
to  exactly  515  cc.  and  transfer  the  solution  to  a  small  flask.  Place  the  flask  in  a 
beaker  of  boiling  water  and  introduce  hydrogen  sulfide  into  the  solution  in  the  flask 
for  ten  minutes  but  no  longer.     Filter  and  wash  the  precipitate  with  hot  water. 

An  orange  precipitate  of  antimony  trisulfidc  will  be  formed  when  only  1  mg.  of 
Bb  ■  present.  Dissolve  the  precipitate  in  a  little  12- normal  hydrochloric  add 
rva|»ratc  uearly  to  dryness,  dilute  and  teat  with  platinum  and  zinc  as  described 
above. 

The  filtrate  from  the  ShjSi  can  be  used  for  the  tin  tout.  Instead  of  n  dm  iiir  the 
tin  with  zinc,  metallic  k-ud  can  be  used  (p.  260).  Evaporate  the  solution  to  about 
8  "•..  but  not  to  dryness  on  account  of  the  danger  of  lowing  stannic  chloride  by  vola- 
nl  nation,  add  10  re.  of  water,  10  gms.  of  granulated  bad  and  heat  gently  for  ten 
minutes.  Pour  the  hot  solution  through  the  filter  into  10  ce.  of  0  2-normal  mercuric 
ilvlomli'.  Filter  off  any  nicrciiniiiK  chloride  I  but  may  be  ;>n  npiiatcd,  disnulve  any 
adhering  lead  chloride  by  washing  with  hot  \vat<  1  and,  d  not  abroad]  blackened,  add 
ammonia  to  the  precipitate  (cf.  p.  818). 

Analysis  of  Croup  II  according   to  A.  A.  rVoyes 

METHOD   II 
Noyes  places  mercuric  mercury  in  the  arsenic-tin  group  by  using  sodium  poly- 
BUlfide  *  instead  Of   ammonium   DOtyaolfide   for   treating  the   Original    precipitate  of 
sulfide?  in  t >  1 . -  hi' rate  from  GfOVp  I 

•  The  reaiieni  1 1, ,  .iiuiiciided  i.--  3-Oi  ■mel  in  Na^\  l-normal  in  NiiA  tuid  1 -normal 
in  NaOH.     Dissolve  16  g.  S,  ISO  g.  Na«S  -  It  BiO  and  80  g-  NaOB  par  liter  or  waft  I 
The  solution  may  also  be  prepared  as  follows:    Digest  HI  g.  S  and  20  g.  NaOH  with 
1  liter  of  4-uonnal  NaOH  solution  prepared  by  BBtWatiDI  300  cc.  of  4-nonnal  NaOH 
solution  with  HiS  and  then  diluting  with  an  equal  volume  of  4-normal  XaOII. 
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TABLE  XII. -SEPARATION  OF  THE  COPPER   AND  TIN  GROUPS 

METHOD   B 


Solution  mu.v  contain  cations  of  all  l he  metals  UMJrt  silver  and  mcrcurous 
tiiiTi'iiry.  Make  the.  lolutum  \). .{-normal  in  IICl  and  saturate  with  H,S.  Filter 
and  examine  the  filtrate  Jor  Group*  III,  IV  and  V.     Treat  the.  precipitate  mih 

A'ofS'j  solution.      (Ij 


Residue:  I'hs,  Hi:.s,,CuS, 

CIS. 
Examine  bV  Table  XI.     (2) 


Solution:  |Hg.S,r 
AddHCl.    (3) 


-.|A*S,1— ,lSbS4| ,[SnS,|- 


Precipitate:     HgS,   AajSt 
SdA  SnS,,  S.     (4) 


Filtrate:  NaCl. 
Reject. 


PROCEDURE 

1.  Precipitate,  filter  nnd  wash  the  sulfide*  of  this  group  ax  in  Method  A  (p. 
289,  I ). 

2.  Transfer  the  precipitated  sulfide*  to  a  porcelain  dish  nnd  mid  :-i  to  Hi  it  of 
aodiurn  polysulfide  solution.  Cover  the  dish  and  heat  gently  for  n  whort  time  with 
ooiwtani  agitation.  Dilute  with  10  cc.  of  water,  filter  nnd  wash  with  hot  water. 
Examine  the  residue  l>y  tin'  method  ■nillincd  in  Tuble  XIII 

3.  Add  bydfOObJoiifl  ItU  10  Ibt  HMttom  "iilfide  extract  until  the  stirred  solution 
is  acid  to  litmus,  then  add  I  re.  more  of  ti-nurmul  neid.  Shake  well  and  lilter.  If 
tin  |  >rccipitatc  is  .'ill  sulfur,  as  can  l»-  determined  by  comparing  the  color  with  thnt 
produced  hy  adding  3  cc.  of  Q-norraal  acid  to  3  cc  of  sodium  sulfide  reagent  diluted 
with  7  oc.  of  water,  it  is  unnecessary  to  test  for  mercury,  arsenic,  :iiitmiioi>  m  im 
(In  caw  '■(  dimlit,  transfer  the  precipitate  to  a  casserole  and  heat  a  short  time  with 
s  OC.  of  rt-normaJ  XH.OH;  this  dissolves  arsenic  sulfide  readily  and  also  small 
quantities  of  antimony  and  tin  sulfide.  Filter  and  note  that  if  mercury  is  present 
the  residue  will  consist  i>f  black  Hgfl  Ud  sulfur.  together  with  pamhly  small  quaii- 
titie*  of  brownish-black  RijS*  and  CnS.  Unless  the  dark  color  is  apparent  then-  is 
no  need  of  testing  further  for  mercury.  To  th.-  UUBOObeoI  hlinite  idd  •r>  drOptol 
<N"H,),S  reagent,  liejit  to  li.iihng  and  filter  if  DOMwniry.  Add  in  cc.  of  wat«r, 
acidify  with  h%  -lr .  .< Idoric  neid  and  shnkc  well;  the  presence  of  nwenir,  untimony, 
and  tin  will  be  shown  by  the  color  of  any  precipitated  sulfide,  but  it  is  necewary  to 
renieml^er  that  a  mixture  of  antimony  and  tin  wulfide*  give*  a  brown  color  in  many 
run-)  Reject  ihe  filtrate  and  examine  the  precipitate,  produced  hy  adding  hydro- 
chloric acid  to  the  sodium  sulfide  solulion,  by  the  method  outlined  in  Tabic  XIV. 


ANALYSIS  OP  GROUP  I! 
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TABLE  XIII.  —  ANALYSIS  OF  THE  COPPER  GROUP 

METHOD  8 


Residue  from  Table  XII:  PbS,  Bi,S,.  CuS,  CdS. 
filler.     (1) 


Boa  with  3-normai  HNO,  and 


Residue:     S 

1 1  H  U  »  I   1  V 

contami- 
nated with 
negligible 
quantities 

of  llllfidM 

Reject. 


Solution:    Pb-H\   Bi-H-t-.   Cut-*.   Cd-H-.    Add  //,6'0«,  *vapor;ii<  . 
dilute  and  filter.     (2) 


Precipitate: 
I'b.SO.. 
Bxamvu  at 

in     Method 
A.    (2) 


Filtrate:   Bi+-H-,  Cu++,  Cd-^. 
cess  and  filter.     (:i) 


Add  N1LOH  in  cx- 


i' n-i  jpitate 

Bl  <m),.    Add 
NthSnOj. 
Black  residue 
is  Bi.    (4) 


Kilt  rate: 
|Cd(NH,)«|++. 


[Cu(NH,j, 


A  blue  solution 
shows  Cu.  // 
in  dtniht,  add 
HCtH,(>,  and 
A-,[Fe(C'.V),Ko 
i!  tmu  portion 
Red      prceipi- 

t  11  t  ft  is 

Ci.,lF«(CN).|. 

..V 


To  the  larger  purl 
of  the  tolulion  add 
HJiQ,    and     Ft. 

Filter  and  tat" 
the    filtrate      with 
HiS.   Yellow  pre- 
•  i|iitatc      shows 
Cd.     (6) 


l-I.M  .!    Kl  Pl'ItK 

1.  Treat  the  residue  faun  the  todiurn  sulfide  treatment  (Table  XII)  with  .VI5  ce. 
of  3-nnrm:»l  nitric  acid.  \fler  Imiling  for  n  few  minutes,  liltr-r  anil  reject  UN  residue 
untr**  it  ik  desired  to  test  for  lew  than  2  mg.  of  mercury  in  the  pretence  of  rnriKiiicritlile 
copper  and  cadmium,     In  that  case  examine  it  as  described  in  Table  XIV.  3, 

2.  Test  for  lead  exactly  a*  in  M. .tli.,.|  A  (.Table  X). 

3.  Neutralise  the  lilt  rati'  from  the  lead  sulfate,  and  add  enough  ammonia 
to  make  the  solution  smell  strongly.  Filter,  if  necessary,  examine  the  precipitate 
by  (4)  and  the  filtrate  by  (5). 

4.  Wash  the  precipitate  of  hi(OH)i  thoniughly .  I*r»'pare  some  sodium  stnniiilr 
solution  by  taking  a  few  drop*  of  stannous  chloride,  dilution  with  .'■  .<-  .if  water  and 
adding  to  the  cntd  solution  enough  sodium  hydroxide  to  dissolve  the  stannous 
hydroxide  which  first  forms.  Pour  this  solution  through  the  filter  containing  the 
Bi(OH)i.     A  black  rttul"<'  OOHJb  IM  Me  bumuth  lest. 

8.  A  blue  ammoniaeal  solution  indicates  the  presence  of  copper.    To  confirm 

this  conclusion,  and  to  l«it  for  copper  when  then-  Li  not  cikmucIi  jiresent  to  color 

inmoniiii-.'tl  solution    ailil  sin-tie  anil  nnrl   |>otassilirn  feTrocyamdc  to  a  part  of 

the  niiiiitnriiur.il   filtrate  of   }  4.     A  reel   precipitate  shown  that  copper  is  present. 

h  whit*  precipitate  indicates  that  cadmium  is  probably  present. 

6.  To  the  lamer  part  of  the  ammoniaeal  filtrate  from  the  bismuth  hydroxide 
precipitation,  add  sulfuric  acid  until  an  acid  reaction  is  obtained  and  then  add  fi  ec. 
of  6-normaI  sulfuric  acid  in  excess.    Heat  the  mixture  to  about  60°  and,  if  any 
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Oftppcf  ia  present,  shake  two  minute*  with  about  0.5  r.  of  iron  powder,  Filter  and 
r, - j c - . ■  t  ih.  residue  of  iron  and  cupper.  Dilate  llir  liltmte  with  25  ei\  ui  i\utei  mill 
saturate  with  hydrogen  sulfide.  .4  yellow  precipitate  of  cadmium  sulfide  i*  obtained  if 
cadmium  it  prrxad. 

TABLE  XIV.  —  ANALYSIS  OF  THE  ARSENIC-TIN  GROUP 

(  UBTHOD  B 

Precipitate  from  Tabic  XII:  HgS,  As,S.,  SnS*  S.     //«ii  un/A  12-nonrwI  HCl.     (1) 


Residue:    HgS,   As,S,,   S.     Add  Nil 011. 

(2) 


Residue:  HgS,  S. 
.-!««  //«  an  J 
A'f.70,.  7V«f 

/or  mercury  t«f  A 
.Nrit'ft  cm  in 
McfAoa'  4.    (3) 


Solution:     AsS, 
AsSO, .     AmD*- 

raff    altruist     In    dry- 

n  ess,  add  UNO), 
evaporate  (main  and 
add  NH0H  filtrr 
if  necessary,  ond  nrfrf 
Wpf.VO,),.  Awhile 

Creei|ii«ale  -Imiilil 
e  MgXH.AsO.. 
FUler,  icath  the  pr«- 
'  i  pitaU  with  a  little 
water  and  add 
AgNO,  and  IICH  to 
to  it.  Red  residue 
ei  An,  V-.0.  shows 
As  i*  present.   (4) 


Solution:    HSbCb.  H,SnCI..     Dilute, 
heat  and  saturate  with  HiS,     (6) 


Precipitate: 
Bb|S>.   Dissolve 
in  HCl  nnd  add 

mctalli'-  tin.     A 

block  deposSi 
insoluble  in 
NnBrO  show* 
the  presence  of 

SI,.     (6) 


Solution:     H.SnCI,. 
Partly         neutralize 

and  i  tf  witi  HtB. 

Evaporate  without 
filtt  i  i"!i  and  boil 
intli  inrliillii-  anti- 
mony. Tr.nl  fur 
ttannou*  tin  inth 
HffClt.  A  while 
or  gray  precipitate 
shown  Sri  is  present. 
(7). 


PROCEDURE 

1.  Transfer  ihr  sulfide  precipitate  (drained  as  dry  as  possible  by  8iiPtion)lon  teat 
tu be  and  hent  it  in  Uiiling  water  fur  10  iniiiutir.  with  10 OB.  of  ll'-normal  liy.lmelilorie 
acid.     Then  introduce  hydrogen  sulfide  into  the  liol  solution  tot  I  minute,  slowly  add 

..1  rattf  while  stirring  nnd  filter  through  I  dry  filter,  using  miction.  The  filler 
hhould  be  placed  upon  a  smaller  li.ir. I.-ik-.I  lilter  and  should  be  fitted  closely  to  the 
funnel.  Wash  the  residue  first  with  tt-normnl  HCl  and  then  with  hot  water.  Examine. 
the  filtrate  ol  H>I>CU  and  M>SnCU  by  J  6  and  the  mkhte  for  arsenic  and  mercury 
by  I  -'. 

2.  \\  arm  and  atir  the  rcnidue  with  about  10  ce  <.f  i'.-tmriiial  aininoniuin  hydroxide 
'.vlinli  illfilni  the  M  d  d<s*i  not  affect  themerrun.-  mUda,  Kilter  and  wash 
this  residue  with  dOtltC  ammonium  hydroxide.     Examine  the  filtrate  for  arsenic 

14. 

Digest  the  residue  of  inercurir  Dllfidl  'uid  excews  of  sulfur  with  5  ce.  of  hydro- 
Bhlorie  acid  and  u  little  potajanm  chlorate.  Boil  until  the  odor  of  chlorine  dis- 
appears, dilute  to  15  cc.  and  test  for  mora  r»  with  Btnnnoun  chloride  as  in  Method  A 
4.  Evaporate  the  ammoniaeal  solution  of  ammonium  tbjoataanate  and  ■Jaouate 
nearly  to  dryneae.  This  causes  some  of  the  ajgani  In  pctt  Ipdlati  a*  sulfide  but  in 
acorn!  h  thai  n  in  oxidised  by  ft-nonnnl  mine  add  10  si  ■•  nn   »eid      To  the 

concentrated  solution  obtained  by  evaporation,  add  5  cc.  of  6-norraaJ  nitric  acid  and 
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IkhI  until  the  residue  is  oil  dissolved  or  only  a  little  sulfur  remains.  Evaporate  nearly 
to  dryness,  add  3  cc.  of  ammonium  hydroxide  and  Hlt.-r  if  necessary.  The  arsenic 
is  now  present  as  ammonium  arsenate.  To  the  clear  solution  add  magnesium 
nitrate  reagent,*  Btir  vigorously  and  allow  the  test  to  stand  for  some  time.  A  white 
crystalline  precipitate  of  magnesium  ammonium  arsenate  shown  that  areolar  Ifl 
pii  Mill..  Filter,  wxsh  the  precipitate  v.ilh  :i  little  water  and  pour  nvrr  it.  a  mixture 
of  I  cc.  silver  nitrate  solution  and  (l  drops  noetic  acid.  A  dark  red  residue  of  silver 
arsenate  confirms  the  conclusion  that  arsenic  is  present. 

6.  Dilute  the  solution  from  (2)  with  water  to  a  volume  of  56  cc,  and  saturate 
".  iili  hydrogen  sulfide  at  about  00°.  Pass  the  hydrogen  sulfide  through  the  hot 
solution  for  eight  minutes,  to  precipitate  antimony  sulfide,  SbjSi.  Filter  and  wash 
the  precipitate  with  hot  water.     Tent  the  filtrate  for  tin  by  5  7- 

t).  Transfer  the  untirnuin  sulfide  precipitate  to  ;i  small  iiusscrnle,  dissolve  it  in 
6  rr.  of  concentrated  hydrochloric  acid,  heating  if  necessary,  l'nlcss  n  clear 
xolution  is  obtained,  add  5  cc.  of  water  and  filter,  rejecting  the  residue.  Kvapornte 
tin-  iiltrate  to  alwut  2  cc,  cool  and  add  a  flat  piece  of  bright,  mossy  tin.  After  10 
minutes  pour  off  the  liquid,  wash  the  metal  in  water  anil  UUbIm  it  for  n  Hod  t 
residue  of  antimony.  Pour  upon  it  about  2  cc.  of  freshly-prepared  sodium  hypo- 
ulutioiit      Antimony,  unlike  arsenic,  is  midissolved  by  lias  treatment. 

7.  Aa  a  preliminary  teet  to  see  whether  any  tin  is  likely  to  be  present,  add  just 
4  ec.  of  concentrated  ammonium  hydroxide  to  the  filtrate  from  $  5  and  saturate 
uith  hydrogen  sulfide.  If  no  precipitate  forms  after  10  ininiit.es,  it  is  unnecessary 
to  test  further  for  tin.  In  case  a  precipitate  is  obtained,  evaporate,  without  filter- 
ing, to  a  volume  of  IS  cc.  or  farther  if  Hie  sulfide  has  not  dissolved.  Add  about  '2  k 
of  powdered  antimony  and  boil  gently  for  2  minutes.  Filter  and  add  at  nine  '.'  t 
of  hydrochloric  acid  and  a  little  mercuric  chloride  solution.  A  white  or  gray  pre 
cipitnte  proves  that  tin  is  present. 


*  1'  g.  of  Mg(NOi)i  in  500  cc.  of  0-normal  nitric  acid  and  502  i 

6-normal  ammonium  hydroxide.  This  provides  enough  ammonium  salt  to  prevent 
any  precipitation  of  Mg(OH)i  with  ammonia  and  should  leave  the  solution  n  in  - 
rnoniacal. 

f  A  deposit  of  copper  may  he  obtained  lure  but  is  risl  or  brown  in  color. 

I  Add  NsOH  solution,  drop  by  drop,  to  2  cc.  of  saturated  bromine  water  until 
the  solution  becomes  colorless  or  yellow,  then  add  as  many  drops  more  of  sodium 
hydroxide  solution. 


GROUP   I.     HYDROCHLORIC  ACID   GROUP 

To  this  group  belong  silver,  mercury  (in  mercuroua  compounds), 
lead,  thallium,  and  (under  some  circumstances)  tungsten. 

SttVER,  Ag.     At.  Wt.  107.88 
8p.  Or.  -  I0.f.    M.  Ft.  =  961°  C. 

Occurrence.  —  Silver  occurs  both  native  and  combined  (chiefly  with 
sulfur,  arsenic,  and  antimony). 

Of  the  silver-bearing  minerals  the  following  may  be  mentioned: 
horn  silver,  AgCl;  argentile,  AgjS;  pyrargyrite,  AgiSbS,;  and  prous- 
tite,  AgjAsSj.     Silver  is  also  found  with  tctmhedriie.  and  with  galena. 

Metallic  silver  is  of  a  pure  white  color.  It  absorbs  oxygen  in  the 
molten  state,  which  it  gives  up  (with  tiny  explosions)  on  cooling. 

The  proper  solvent  for  silver  is  nitric  acid.  It  is  insoluble  in  dilute 
hydrochloric  :ui<l  sulfuric  acid*,  but.  dissolves  readily  in  boiling  sul- 
furic acid,  with  evolution  of  sulfur  dioxide: 

2  Ag  +  2  H,SO,  -  2  rLO  -I-  SO,  T  +  Ag^04. 

'I'hc  solubility  of  silver  in  eonrciilr:dcd  sulfuric  acid  is  utilised  in 
separating  silver  from  gold  and  platinum  in  alloys. 

Silver  forms  three  oxides:  silver  suboxide,  Ag«0;  silver  oxide 
AgjO;  silver  peroxide,  AgjOj.  Of  these  oxides,  AgjO  alone  is  a  basic 
anhydride;  only  one  series  of  salts  is  known. 

Silver  peroxide  is  formed  at  the  anode  during  tin*  electrolysis  of  it  concentrated, 
aqueous  solution  of  silver  nitrate.  The  grayish-black  crystalline  powder  lias  the 
composition:  AfeO,  =  A&O-  AgjO,.* 

Silver  oxide,  AfeO,  is  a  brownish-black  powder,  which  on  being 
heated  to  300°  is  completely  decomposed  into  metal  and  oxygen. 

Most  of  the  silver  salts  an-  colorless;    the  following,  i  are 

colored:  the  bromide  (pale  yellow),  the  iodide  (yellow),  the  sulfide 
(black),  the  phosphate  (yellow),  the  arsenite  (yellow),  the  arsenate 
(brown),  the  fcrricyanidi;  (orange),  and  the  chromate  (reddish-brown). 
Mi   i    ■  the  taltean  insoluble  in  water,  end  are  blackened  on  exposure 

•  Biauuxu  and  Kuzma,  Iter.,  1W7,  3371.  LI  maybe  rcganleii  t_  lie-  silver  salt 
of  the  hypothetiral  argentic  acid,  II  Ag<  >T :  its  symbol  could  then  be  written  Aa(AgOi|. 
analogous  to  the  auratoe,  eg.,  K(AuOJ. 


SILVER 


299 


to  the  light.  The  nitrate,  chlorate,  perchloratc,  fluoride,  nitrite,  sul- 
fate, and  acetate  are  soluble  in  hot  water. 

Reactions  in  the  Wet  Way 

1.  Potassium  and  Sodium  Hydroxides  precipitate  brown  silver 
oxide, 

2Ag+  +  2  0H--.H,0  +  AgJ0, 

insoluble  in  an  excess  of  the  precipitant,  but  readily  soluble  in  nitric 
acid  and  in  ammonia.  If  the  solution  in  ammonia  is  allowed  to  stand, 
black  fulminating  silver  (chiefly  AgN3)  is  deposited, 

2.  Ammonia.  —  If  a  neutral  solution  of  a  silver  salt  is  cautimi-lv 
treated  with  ammonia,  the  first  drops  produce  a  white  precipitate, 
which  ehangH  quickly  to  the  brown  oxide,  Ag»0.  The  greater  part 
of  the  silver,  however,  remains  in  solution  as  complex  silver-ammonia 
salt;  even  the  oxide  is  dissolved  by  an  excess  of  ammonia: 

AgsO  +  4  NH,  +  H,0-*2  [Ag(NH,)t]+  +  2  OH". 

3.  Sodium  Carbonate  precipitates  white  silver  carbonate,  which 
becomes  yellow  on  being  boiled,  being  slightly  decomposed  into  oxide, 
with  loss  of  carbon  dioxide: 

2Ag+-fCOr"-»Ag,CO,; 

Ag]CO,  -♦  Ag,0  +  CO,  T  • 

4.  Ammonium  Carbonate  produces  the  name  precipitate,  but  it  is 
soluble  in  an  excess  of  this  reagent. 

5.  Sodium  Phosphate  throws  down  in  neutral  silver  solutions  a 
yellow  precipitate  of  silver  phosphate: 

3  Ag+  +  2  HPO«"  ~  —  HjPOr  +  AfrPO,. 

Silver  phosphate  is  easily  soluble  in  nitric  acid  and  in  ammonia. 
The  solubility  of  the  phosphate  in  ammonia  is  due  to  the  formation 
of  complex  silver-ammonia  ions. 

Ag,PO,  +  6  NH,  -*  3  [Ag(NHa),]+  +  PO."  "  ". 

By  neutralizing  the  ammoniacal  solution  with  nitric  acid,  or  the 
nitric  acid  solution  with  ammonia,  the  silver  phosphate  is  repre- 
cipitated. 

6.  Hydrochloric  Acid  or  Soluble  Chlorides  precipitate  white,  curdy 
silver  chloride  from  neutral  and  acid  solutions: 

Ag+  +  CI"  -  AgCl. 

Silver  chloride  is  appreciably  ntubk  Is  pure  water  (of.  p.  21),  particularly  on 
hoiliriK,  l>ul  K  i  i'iit<-  ionoltihlc  if  an  exctm  of  silver  nitrate  or  of  hydrochloric  acid 
in  prment  (cf .  p-  20) . 
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Silver  oblorida  cIIssoIthi  to  a  considerable  extent  in  u  large  i  root  of  hydro- 
chloric acid  or  of  alkali  chloride,  due  to  the  formation  of  complex  unions,  [AgCl-.] 
but  it  is  much  less  soluble  in  dilute  nitric  acid. 
It  is  very  soluble  in  ammonia, 

AgCl  +-  2  NH,  -  |Ag(NH.)  J*  4-  CI". 
hut  is  re  precipitated  on  addition  of  nitric  acid  to  this  solution: 

[Ag(NH,)t]+  +  2  H++CI-  -  —  2NHi+  +  AgCl. 
Silver  chloride  is  almi  readily  soluble  in  potassium  cyanide  solution, 
AgCl  r  3  CN  -  -  [Ag(CN),|-  +  CI", 
and  if  such  a  solution  b  acidified,  silver  cyanide  will  be  precipitated; 
,  j    +  h+  _  HCN  +  AgCN. 

In  the  absence  of  acid,  silver  chloride  is  also  readily  soluble  in  a  solution  of 
sodium  thiosulfatc; 

2  AgCl  4-  8  8*0»—  -  [Ag,(S,0,),l  --  +  2  CI". 

On  I  wiling  this  solution,  -ilv.-r  Miltnl-  i^  precipitated  slowly  if  considerable 
Na«Sj(),  hi  DfBsent.  but  nmre  quickly  ii|hiii  diluting. 

It  k*  evident  that  tip  solubility  in  all  the  above  (anw  is  due  to  the  formation  of 
complex  Inn  ■•"iiuining  silver  (cf.  p.  26). 

Silver  chloride  U  slowly  attacked  by  hoilinjt,  concentrated  sulfuric  acid,  with 
evolution  of  hydrochloric,  acid,  and  the  formation  of  crystalline  silver  sulfate,  insol- 
uble ba  BfltfUb  HhL 

By  t .oiling  with  cnu.st.ic  soda  or  cauntic  potnsh  solution,  silver  chloride  is  only 
partially  decomposed;  in  the  cold  it  is  unaffected  Sodium  carbonate  solution 
does  not  affect  it;  but  by  fusing  with  sodium  carbonate  it  is  completely  decomposed: 

4  AgCl  f-  2  N*»CO.  -  4  NaCl  +  2  CO,  T  +  O,  T  +  4  Ag. 

By  fusing  silver  chloride  itself  u  yellow  liquid  is  obtain" I.  in.li  00  OOOliBf 
SoHdifics  to  a  oitNOO  Bliii  it  may  bt  removed  from  the  eriicible  by  treatment 
with  line  and  dilute  milfuric  a.-i.l  (OT  below)  rnnss. 

7.  Potassium  Iodide  precipitates  yellow,  curdy  silver  iodide,  prac- 
tically insoluble  in  ammonia,  hut  easily  soluble  in  potassium  cyanide 
ami  sodium  thiosulfat.e  solutions. 

I'll.-  [Ag(NBi)*H  C4iti..n  luitii-lie.  Q \v  ■  ...lion*  than  silver  iodide  in  contact 

with  water,  but   the  [Ag(CN)t]~  and   |.'V(bf.SOibl""  are  much  more  staldr  enm- 
plexes  and  furnish  less  Ag+-  cations  than  silver  iodide  does. 

8.  Ferrous  Sulfate  precipitates  gray  metallic  silver  from  boiling 
solutions: 

Ag+  +  FV»  -»F»<+*  +  Ag. 

Frequently  a  basic  ferric  salt  is  precipitated  at  the  same  time,  per- 

tieuiulv  fii mi  very  dilute  solutions. 

Ferrous  sulfate  added  to  as  emmoniacal-tartrate  solution  of  a  silver 
salt  also  causes  the  formation  of  a  gray  precipitate  which  may  be 
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silver  suboxide,  AgtO,  or  a  mixture  of  finely  divided  silver  mixed  with 
aomo  organic  substance. 

9.  Zinc,  having  a  greater  solution  pressure  than  silver,  precipi- 
tates the  latter  from  ucutral  solutions.  Similarly,  if  insoluble  silver 
chloride  is  covered  with  dilute  .-ulfuni-  Mid  and  •  piece  of  zinc  placed 
in  contact  with  the  chloride,  the  latter  will  be  reduced  to  metal 

2  AgCl  +  Zn  =  Zn++  +  2  CI"  +  2  Ag. 

10.  Hydrogen  Sulfide  proeipitate.s  from  neutral,  .•lmum. uii.i.jil,  ami 
acid  solutions  black  silver  sulfide, 

2Ag+  +  H,S-»2H+  +  Ag,S. 

insoluble  in  ammonia,  alkali  sulfides,  and  dilute  potassium  cyanide 
solution.  Silver  sulfide  is  so  insoluble  (cf.  p.  21)  that  enough  Ag+ 
ions  are  pr.scni  in  aqueous  solution:*  containing  [Ag(NH,)i]+  or  even 
[Ag(CN)al~  to  exceed  the  solubility  product  of  AgjS  when  in  contact 
with  slightly  ionized  hydrogen  sulfide.  Silver  sulfide  is,  however, 
perceptibly  soluble  in  u  concentrated  solution  of  potassium  cyanide, 
and  easily  soluble  in  hot  dilute  nitric  acid  (cf.  p.  190). 

11.  Ammonium  Thioacetate  also  precipitates  silver  sulfide  from 
acid  solutions: 

2  Ag+  +  C,H,OS-  +  11*0  -*  AfcS  +  HCHiO,  +  H*. 

12.  Sodium  Thiosulfate  precipitates  white  silver  thiosulfate  soluble 
in  an  excess  of  the  reagent  but  from  the  boiling  solution  silver  sulfide 
is  reprecipitated. 

2Ag+-t-S,OT--*A&S,0,. 

A&S-O,  +  2  S»0,—  —  [Ag«(SiO0i]-". 

|A&(S,Q»),r  -  +  2  H+  -  Ag2S  -f-  2  S  +  H,0  +  BOT  "  +  2  SO,  T  . 

The  presence  of  a  little  acid  favors  the  precipitation  of  the  sulfide  in 
accordance  with  the  last  reaction. 

13.  Potassium  Chromate  precipitates  brownish-rod  silver  elim- 
inate soluble  in  ammonia  and  in  nitric  arid: 

2  Ag+  4-  (XV  _  -*  Ag:CrO,. 

14.  Potassium  Dichromate  pn-ii  u  iirs  reddish-brown  silver  di- 
chromate  soluble  in  ammonia  and  in  nitric  acid  : 

2  Ag+  +  0,0"  -» A&Cr.O,. 

Reactions  in   the  Dry  Way 

Fused  with  soda  on  charcoal,  all  silver  compounds*  yield  a  white, 
malleable,  metallic  button  without  incrustation  (diffemnte  faoa  lead 
ami  tin),  readily  soluble  in  nitric  neid  (difference  from  tin).     The 
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solution  is  not  precipitated  by  very  dilute  sulfuric  acid,  but  is  imme- 
diately precipitated  by  hydrochloric  acid  (difference  from  lead). 

The  motion  of  lead  und  inercuroua  compounds  have  already  been 
described  (pp.  2  IS,  219). 

Analyst*  of  Group  I 

Silver,  lead  and  mcrcuruus  rlilondra  ore  difficultly  soluble  in  water.     According 

in  ![„■  I-. Mr  oa  pap  'i   0j0S8  nc.  ik/'i..,  (LOU  Dg.  AgCl  and  about  l  pa  PW  i 

will  dissolve  in  100  <■<:.  of  water.  from  thi-c  valm ■■  ,  it  in  evident  th:it  the  precipi- 
ution  of  rncrcurous  and  silver  cation*  v.  ill  be  m  ,irl\  complete  from  100  cc,  of  solu- 
tion mid  that,  idthouRh  lend  chloride  i«  muefa  tats  soluble  in  a  solution  containing 
an  excess  of  chlorine  ion*  than  it  is  in  water,  lend  will  never  be  |>reei)iitated  com- 
pletely as  chloride  from  aqueous  solutions.  By  the  addition  of  a  large  excess  of 
alcohol,  however,  the  precipitation  of  lead  chloride  can  be  made  nearly  complete, 
but  the  addition  of  alcohol  at  thia  stage  of  the  analysis  is  rarely  permissible  except 
in  the  analysis  of  certain  alloys  or  compounds  rich  in  lead. 

Lead  chloride  in  cliaracterired  l.y  tin-  fuel  that  it  in  much  more  soluble  in  Id 
water  than  in  cold.  On  dis-solvum  lend  eutn|nitmiU  in  a  small  nii!intit>  of  hydro- 
chloric ueid,  the  chloride  often  separate*  out  on  the  solution  cools,  and  in  such 
case  it  is  easier  to  remove  the  lad  chloride  it  lota  Hap  of  the  un&lysis  than  to 
precipitate:  it  a*  sulfide,  dissolve  in  mine  u.nl  unil  reprecipttiiU  '"<  Milfute. 

A»  group  prcoipitant  either  hydrochloric  ocid  or  nmmonium  chloride  can  l»' 
used.  Any  other  soluble  chloride  would  accomplish  the  same  end  but  would  inter- 
fere more  with  the  subsequent  analysis.  If  the  solution  is  originally  alkaline,  the 
addition  of  h% ilr< ichb irii-  acid  may  cause  the  formation  of  some  other  precipitate 
Thus  cut  alkaline  cyanide  solution,  a.  solution  of  thio  salt  in  ammonium  sulfide  and 
an  alkaline  silicate  solution  will  usually  give  precipitate*  upon  the  addition  of  any 
.'tenl.  Book  precipitin.--  often  dissolve  upon  the  addition  of  .1  little  mure  acid  and 
cause  no  trouble,  but  sometimes  it  is  lx*t  to  treat  the  precipitate  us  an  insoluble 
substance  by  the  methods  described  in  Part  IV. 

lli-inut  li.  mil  imony  and  stannic  chlorides  on  beinu  diluted  with  .1  'in  ;><■■  elumged 
into  insoluble  basic  salts.  These  precipitates  may  Ik?  filtered  off  and  dissolved  by 
repeatedly  passing  s  little  2-normal  hydrochloric  acid  through  the  filter.  Then, 
an  the  solute 'ii  <  ho-  obtained  is  likely  to  eontaifl  lend  chloride,  it  is  beat  to  evaporate 
to  about  1  cc.  dilute  with  28  M  of  water  and  precipitate  with  hydrogen  sulfide 
without  paying  any  attention  Ui  the  formation  of  n  basic  ttlt  upon  diliitiim:  such 
uilt.i  are  changed  by  hydrogen  -ultjcl.    in  lew  -olnMe  sulfides. 

TABLE  XV.  -  ANALYSIS  OF  THE  SILVER  CROUP 

Solution  may  contain   nil   tin-   metals.      Add  &-normal  HCl.  filter  and  examine  the 
filtrate  for  nuccee.ding  group/.      Tr<  of  inlh  h,t  uvitcr-     (I) 


Residue:    AfCt,    HgiClj.       four    ammonia 
through  the  filter.     (3) 


Residue : 

ii.    mi    t'l  +  Hg. 


Solution:  (Ag(NH,)d+ 
Add  HXO,: 
eipitale       thaw*       the 
pretence  0/  Aa.        1 1 


Solin  11.11:  Ph-M-.  Test  Jot  lead  with 
H£Ot.  Filter  off  PbSOtand  treat 
the  precipitate  with  hot  NHA?tHJ)i 
solution.  Add  KtCrO,;  a  yellow 
precipitate  of   I'  pern- 
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Tho  analysis  of  the  first  group  of  metal-  is  based  upon  the  solubility  of  lead 
chloride  in  hoi  water,  t  In-  -ulul.iliiv  of  silver  chloride  in  ammonia,  and  the  hlnrke.,m.i 
of  inercurous  chloride  by  ammonia. 

PilOCEDlTItE 

1.  To  the  cold,  concentrated  solution  add  ft-normol  hydrochloric  acid  and,  if  a 
precipitate  ia  formed,  oontmuc  adding  hydrochloric  acid,  drop  by  drop,  until  no 
further  precipitation  takes  place.  Filter  through  a  small  filter  (cf.  p.  61)  and  wash 
tin-  pn-cipilate  four  timet)  with  a  little  cold  water,  blowing  a  fine  stream  from  the 
wawh  IkiUIi-  around  the  upper  edge  of  the  filler  and  waiting  each  time  until  the  filter 
h.-is  drained  before  adding  a  fresh  portion  of  water.  I)o  not  use  more  than  5  oc.  of 
rater  each  time,  'lake  i.lie  entire  filtrate  for  the  analysis  of  Groups  II,  III,  IV 
and  V.     1'iiiir  n  little  hot  water  through  thr  filter.     Test  the  residue  by  (3). 

2.  Test  the  first  5  cc.  portion  of  hot  water  that  runs  through  the  filter  for  lead  by 
adding  a  few  drops  of  concentrated  sulfuric  acid.  If  a  precipitate  forms,  filter, 
wash  one*  with  cold  water  and  then  pour  10  cc.  of  hot  3-normal  ammonium  acetate 
solution  through  the  filter.  Add  a  few  drops  of  |HiUuwiuin  eliminate  solution  to 
the  solution  and  3  cc.  of  ft-normal  acetic  aeid.  A  yellow  precipitate  of  lead  c.hromnto 
should  form  if  had  m  pmcnl.  Continue  washing  the  chloride*  with  hot  water 
until  ,")  <■<■  i)|  the  washing*  will  give  no  tost  for  lead  with  potassium  ehmmute 
solution. 

(3)  Pour  5  cc.  of  6»normal  ammonia  around  the  upper  edge  of  the  filter,  catching 
it,  as  it  runs  through  the  funnel,  in  a  teat-tube.  Acidify  the  filtrate  with  nitric 
acid.  A  white,  curdy  precipitate  of  silver  chloride  is  formed  when  tiiver  w  prwU. 
Tlu-  treatment  with  ammonia  causes  any  mereurous  chloride  to  turn  black  on  the 
filter  (cf.  p.  213). 

If  considerable  mercurou*  chloride  and  very  lit ' !■■  vilvr  chloride  is  present,  the 
treatment  with  ammonia  may  fail  to  dissolve  silver  chloride.  In  such  a  ease,  wash 
the  black  residue  and  pour  repeatedly  a  mixture  of  3  cc.  6-normal  hydrochloric 
•cid  and  10  ec.  of  saturated  bromine  water  through  the  filter  Tfefc  »ervea  to  con- 
vert ilie  meri'iiroiih  ililnri.il-  to  soluble  merem  i,  nH  and  leaves  the  silver  on  the 
filter  as  silver  chloride  or  bromide.  Wash  tlie  filter  with  hot  water  and  again  pour 
of  iirimiomum  hydroxide  through  it  und  Lust  the  aiuiuouiacul  solution  for  silver 
with  nitric  acid. 


PART  III.    REACTIONS  OF  THE  ACID 
CONSTITUENTS  OR  ANIONS 

DIVISION  "OF  THE   ACIDS    INTO  GROUPS 

The  classification  of  the  acids  which  is  given  here  was  first  pub- 
lished by  R.  Buuacu  in  1878  (in  manuscript  form)  for  the  use  of  his 
students;  it  was  adopted  (with  his  consent)  by  V.  Meyer  and  F.  P. 
Treadwcll  in  their  "Tftbelleo  zur  qualitative:!  Analyse."  It  is  based 
upon  the  different  solubilities  of  the  barium  and  silver  suits. 

Croup  I 

Acid*  whose  silver  sails  are  insoluble  in  water  and  in  nitric  acid,  but 
whose  barium  salts  are  soluble  in  water. 

To  this  group  belong  hydroi-Morie,  hydrohnmiic,  hydriodie,  hydro- 
cyanic, ferrocyanic,  fcrricyanie,  eobalticyanic,  thiocyanic,  and  hypo- 
chlorous  acids. 

Croup  II 

Acids  whose  silver  salts  are  soluble  in  nitric  acid,  but  are  inxoluhh , 
or  difficultly  soluble,  in  water,  and  whose  barium  salts  are  soluble  in  tOi 

To  this  group  belong  hydrosulfuric  (hydrogen  sulfide),  hydroselenic, 
hydrotelluric,  nitrous,  acetic,  cyanic,  hypophosphorous  and  hydrazoic 

•i.'hIh. 

Croup  III 

Acids  whose  silver  salts  are  white  and  soluble  in  nitric  acid,  but  whose 
barium  salts  are  difficultly  soluble  or  insoluble  in  water,  but  solublr  in 
nitric  acid. 

To  this  group  belong  sulfurous,  selenous,  tellurous,  phosphorous, 
carbonic,  oxalic,  iodic,  boric,  molybdic  (selenic  and  telluric),  tartaric, 
citric,  meta-  and  pyrophosphoric  acids. 

Craup  IV 

Acids  whose  sih'cr  salts  are  colored  and  soluble  in  nitric  acid,  but 
whose  barium  salts  are  insoluble  in  water  and  soluble  in  nitric  acid. 
To  this  group  belong  phosphoric,  arsenic,  arsenious.  vamulic.  thio- 

sulfuric,  chromic  and  periodic  1 
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Group  V 

Acids  whose  silver  and  barium  salts  are  soluble  in  water. 
To  this  group  belong  nitric,  chloric,  perchloric,  persulfuric  and  the 
manganic  acids. 

Group  VI 

Acids  whose  silver  salts  are  soluble  in  water,  but  whose  barium  salts 
are  insoluble  in  nitric  acid. 
To  this  group  belong  sulfuric,  hydrofluoric,  and  fluosilicic  acids. 

Croup  VII 

Non-volatile  acids,  which  form  soluble  salts  only  with  the  alkalies. 
To  this  group  belong  silicic,  tungstic,  titanic,  niobic,  tantalic,  and 
arconic  acids 


GROUP  I 

Silver  Nitrate  produces  a  precipitate  insoluble  in  nitric  acid. 
Barium  Chloride  causes  no  precipitation. 

HYDROCHLORIC  ACID.  HC1 

Occurrence.  —  Hydrochloric  acid  is  found  free  in  nature,  but  in 
small  quantities  (for  example,  in  the  exhalations  of  active  volcanoes); 
its  .salts,  however,  arc  exceedingly  common,  especially  those  with  the 
alkalies.      (See  these.) 

Preparation.  —  Hydrochloric  kkI  i-  set  free  by  the  action  of  con- 
centrated sulfuric  acid  upon  a  chloride.  Ordinary  rock  salt  is  usually 
used,  it  bang  the  cheapest  chloride. 

If  sulfuric  ii  illuved  to  act  upon  ordinary  salt,  a  considerable 

evolution  of  hydrochloric  acid  takes  place  oven  in  the  cold,  with  the 
format  ion  of  sodium  bisulfatc: 

NaCI  -I-  H,SO,  =  NaHSO,  +  HCI 1  . 

And,  on  warming,  the  sodium  bisulfatc  reacts  with  more  sodium 
chloride: 

NaHSO,  +  NaCI  =  Na-SO,  +  HCI  T  . 

When  only  one  hydrogen  of  a  dibasic  acid  is  replaced  by  metal, 

the  resulting  Bait  is  usually  designated  by  placing  the  prefix  W  before 

the  name  of  the  anion;  sodium  bicarbonate,  NallCOi;  sodium  bisul- 
fite. \n  IIS04.  etc.  There  is  twice  as  much  acid  per  equivalent  of  base 
W  in  the  Can  Of  the  normal  salt. 

Hydrochloric  aeid  may  be  prepared  by  dropping  concentrated  sul- 
furic add  into  12-normal  hydrochloric  acid.  It  is  also  formed  by  the 
action  of  water  on  many  acid  chlorides: 

PCI,  +  3  H,0  =  HaPO,  +  3  HCI. 

Projnrties.  —  Hydrochloric  acid  is  u  colorless  gas,  with  a  suffocating 
odor,  which  forms  dense  clouds  in  moist  air.  It  is  readily  soluble  in 
water  (one  volume  of  water  dissolves,  at  18°  C,  451  volumes  of  hydro- 
chloric acid).  The  specific  gravity  of  the  saturated,  aqueous  solu- 
tion is  1.21,  and  100  cc.  of  this  solution  contain  50.7  gms.  of  hydro- 
chtorio  add  gas.  The  concentrated  hydrochloric  acid  of  the  laboratory 
is  about  12-normal,  and  contains  36  to  38  per  cent  of  the  gas  by 
weight.     As  regards  its  behavior  on  evaporation,  see  page  60.     The 
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aqueous  solution  of  hydrochloric  :ici<l  i*  one  of  our  stronge 
In  dilute  «>liilii>n  i!  is  ;ilnu>si  entirely  ionized, 

HCl^H*  +  Cl- 
aud such  a  Holutiou  is  a  good  conductor  of  electricity. 

The  behavior  of  hytlrochlnrir.  acid  on  oxidation  is  characteristic;  water 
is  formed  and  chlorine  is  net  free: 

4  HCI  +  0,^2H,0  +  2  Cl3. 

This  oxidation  will  not  take  place  on  exposure  to  atmospheric,  or 
even  pure,  oxygen,  but  only  by  strong  oxidizing  agents  such  as: 

The  peroxides  of  the  heavy  metals,  nil  nitrutis,  nitrites,  chlorates, 
hypochlorites,  cfiromales,  seknaUs,  iiml  triturates. 

The  peroxides  uf  the  light  mi-uU  <l<>  nut  vn-l.l  chlorine,  l.nt  hydrogen  peroxide: 
BaO,  +  2  HCI  -  BftCl,  +  HA. 

1.  Oxidation  of  Hydrochloric  Acid  by  Means  of  Peroxides 
(a)   By  manganese  dioxide: 

4  HCI  +  Mn02  =  2  HjO  +  MnCl,  -f  CI,  |  • 

The  manganese  i*  minced  from  tin-  i|ii:idnv:iliTil  In  the  Itivnlent  isjiiditiim  anil 
the  negatively  charged  chlorine  atom  becomes  neutral  chlorine  gns.  Thus  one 
atom  of  manganese  oxidized  two  atonw  of  chlorine. 

Some  other  acid,  preferably  sulfuric,  can  be  used  to  combine  with 
the  mangoneao  and  then  the  yield  of  chlorine  from  a  given  quantity 

of  hydrochloric  acid  will  lx>  twice  as  large: 

MnO,  +  2  HCI  +  HjSO*  =  MnSD4  4-  2  H,0  +  CI,  T  . 
(6)  By  lead  peroxide: 

4  HCI  4-  PbO,  =  2  H30  4-  PbCI,  4-  CI,  | . 
(c)    By  chromium  trioxide: 

2  CrO,  4-  12  HCI  =  6  H,0  4-  2  CrCl,  +  3  CI,. 

2.   Oxidation  of  Hydrochloric  Acid  by  Nitric  Acid,  etc. 

When  concentrated  nitric  acid  acts  upon  concentrated  hydrochloric 
urnl.  the  products  of  the  reaction  are  water,  niirnsyl  ehlorida  and  free 
chlorine: 

HNO,  4-  3  HCI  =  2  H,0  4-  NOC1  4-  CI,. 

In  tliis  reaction  the  valence  of  the  nitrogen  has  been  reduced  from 
five  to  three,  and  two  atoms  of  chlorine  have  been  oxidized  to  form 
un  electrically  neutral  chlorine  molecule. 
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A  mixture  of  one  molecule  nf  nitric  arid  with  three  of  hydrochloric 
add  is  known  m 

Aqua  Regia.  —  The  acids  are  Usually  mixed,  not.  according  to  their 
Weights,  but  according  to  their  volumes. 

Aquu  regie  is,  therefore,  cldoriiie  water,  with  the  distinction  thut 
i In-  chlorine  exists  in  the  nascent  state;  which  explains  why  aqua 
regia  is  a  much  more  energetic  reagent  than  ordinary  chlorine  water. 
Nitrous  add,  Chloric  acid,  oypoohlorous  acid,  sclenic  and  telluric 
acidB  all  react  similarly  with  hydrochloric  acid. 

Hydrochloric  acid  is  monobnsic;  its  salts  arc  called  chlorides. 

Solubility  of  Chlorides 

Nearly  all  chlorides  are  soluble  in  water,  but  the  following  are 
insoluble:  mercurous  chloride,  HgiCii;  silver  chloride.  AgCI;  cuprous 
chloride,  Cu,CI,;  load  chloride,  PbCl,;  thallium  chloride,  T1CI; 
aurous  chloride,  Au('l;  plutiiunis  chloride,  PtCl,;  bismuth  oxychlor- 
ide,  BtOCI;  antimony  oxychloride,  SbOCl;  mercuric  oxychloride. 
11*0,0. 

All  these  chlorides  which  are  insoluble  in  Watei  are  more  soluble 
in  strong  hydrochloric  acid. 

Aurous  chloride  and  platinous  chloride  dissolve  readily  in  aqua  regia, 
as  a  result  of  being  oxidized,  but  silver  chloride  is  not  very  soluble  even 
in  aqua  regia. 

By  tx>iling  the  insoluble  chlorides  with  a  concentrated  solution  of 
sodium  carbonate,  all,  with  the  exception  of  silver  chloride,  are  readily 
decomposed,  e.g. : 

HfcCl*  +  Na,CO,  =  2  NaCl  +  CO,  j  +  Hg,0. 

By  nitration,  r  chloride  solution  hi  obtained  which  is  free  from  heavy 
metal. 

By  fusing  with  sodium  carbonate,  even  silver  chloride  is  decom- 
posed, 

4  AgCl  +  2  Na,CO,  -  4  NaCl  +  2  CO,  t  +  O,  T  -f-  4  Ag. 

and  silver  chloride  may  also  l>e  decomposed  by  treatment  with  metals 
and  dilute  acid  (cf.  p.  301). 

The  deliquescent  chlorides  (lithium,  calcium,  and  strontium)  are  all 
soluble  in  absolute  alcohol  and  in  amyl  alcohol. 

The  chlorides  of  sodium  and  barium  are  quite  insoluble  in  concen- 
trated hydrochloric  acid;  they  can,  therefore,  be  easily  separated  from 
:  chlorides  which  are  soluble  in  water  by  saturating  the  solution 
with  hydrochloric  acid  gas. 
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Almost  all  chlorides  are  insoluble  in  ether,  with  the  exception  of 
mercuric,  stannous,  stannic,  uuric,  and  ferric  chlorides. 

Rfurtion*  uf  Chlorides  in    the    Wet    Way 

A  neutral  solution  of  an  alkali  chloride  should  he  used  for  these 
re&etiODS.  All  chlorides  except  those  of  mercury  and  cadmium  arc 
Quite  completely  ionized  in  aqueous  solution,  so  that  it  is  a  matter 
of  indifference  wliich  chloride  wc  take  for  the  following  reactions, 
provided  there  is  no  independent  reaction  talcing  place  due  to  the 
presence  of  the  cation. 

1.  Dilute  Sulfuric  Acid  (1  :  10)  produces  no  reaction,  even  on 
firming. 

2.  Concentrated  Sulfuric  Acid  decomposes  the  solid  chloride  almost 
completely  in  the  cold,  completely  on  wanning.  Sulfate  and  color- 
less hydrochloric  acid  gas  result  from  this  reaction;  and  tin-  I.ii  t «-r 
is  easily  recognized  by  its  odor,  by  the  clouds  which  it  forma  in  moist 
air  or  with  ammonia  vapors  (obtained  by  holding  a  glass  rod  wet 
with  niiimi>ni;i  near  the  test-tube),  and  by  its  turning  moist  blue 
litmus-paper  red.  Water  is  not  made  turbid  by  hydrochloric  acid 
(difference  from  Huosilicic  acid). 

Silver  rhluriiJo  and  mcrcuroua  chloride  arc  decomposed  with  difficulty  by  sul- 
furic acid,  the  latter  with  evolution  of  sulfur  dioxide;  the  mimmu  sulfate  (which 
is  at  first  formed!  is  oxidised  (at  the  expense  of  the  oxygen  d  Qm  »ulfuric  acid)  to 
mercuric  sulfate: 

(a)  HgtCI,  +  H.SO,  -  Hg»SO«  +  2  HCI; 

(6)  HibSO,  4-  2  H.SO.  =  2  HgSO,  +  2  HrO  +  SO,  T  . 

If  a  chloride  and  an  oxidizing  agent  nrr  heated  with  concentrated  xulfuric  acid, 
tree  chlorine  Li  <•  vulval  (of.  p.  :107). 

3.  Phosphoric  Acid,  heated  with  a  chloride,  similarly  causes  the 
evolution  of  hydrochloric  acid  gas.  If  an  oxidizing  ageol  la  present 
at  the  same  time,  chlorine  gas  is  evolved. 

I     Silver  Nitrate   produces  a   white,    curdy  precipitate  of  silver 

chloride, 

Cr  +  Ag^-AgCI. 

insoluble  in  nitric  acid,  soluble  in  ammonia,  potassium  cyanide,  and 

Sodium   thiOSUlfate  Solutions.        (See   Silver..) 

From  a  solution  of  silver  chloride  m  mum. mm.  acids  reprecipitate  *ilvor  chloride. 
Prom  a  solution  in  potassium  i  j  -mi ■!>■.  acids  precipitate  silver  cyanide.  If  it  L» 
desired  to  test  a  solution  of  ferrous  sulfate  for  the  presence  of  a  small  amount  of 
chloride,  it  must  be  strongly  acidified  with  mine  acid,  as  otherwise  a  precipitate  of 
metallic  silver  will  be  obtained,  which  may  cause  confusion  (cf.  p.  300).    The  bat 
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•  ii-.-i  tin  .iifluiitm  wi  ferrous  Kdlfatc  for  hydrochloric  acid  is  to  add  sodium 
OVbonatC  solution  until  nlkalinc,  I  .oil.  mid  hlter.  In  the  iiltruti-  the  acids  originally 
present  :.r<-  bow  iri  the  form  of  their  sodium  Halts,  in  the  practice  of  un  excess  of 
sodium  carbonate;  the  solution  should  !«■  made  wid  with  nitric  .u-nl  before  the 
silver  nitrate  is  added. 

The  .I.  ■irrtniti  i.l  chlorine  when  present  in  the  form  of  chloride  of  a  heavy  metal 
is  accomplished  in  a  similar  moaner;  and,  with  the  exception  of  silver  chloride,  any 
iuolabk  chloride  muy  be  decomposed  in  the  same  way,  by  boiling  with  sodium 
earl  mimic  solution. 

In  or.l.T  i.i  I.  i.-.l  tin-  pnMMB  "f  aUorilM  in  .silver  chloride,  treat  it  with  dilute 
sulfuric  acid  and  ainc  (p.  301),  after  a  short  tunc  pout  off  the  solution  from  the 

ilc|K.-lt.-.l    xllvrr  :«l.'  I   t.'-.t    ll    With   silver   ii  1 1  r  :.1  •  ■  _ 

Or,  fuse  the  sdver  chloride  with  sodium  carbonate,  extract  the  melt  with  water, 
filter,  acidify  with  nitric  acid,  and  test  with  silver  nitrate. 

5.  Potassium  Dichromate  and  Sulfuric  Acid.  —  If  a  dry  chloride 

is  mixed  with  potassium  dirhroiniilc.  covered  with  concentrated  sul- 
furic mill,  and  the  mixture  heated  in  a  small  retort,  brownish  vapors 
are  given  off  which  condense,  in  Us  receiver,  to  a  brown  liquid 
(chrotnyl  chloride,  CrOjClf): 

E^CftO,  +  4  NaO  +  G  Ba80<  =  3  H^O  +  4  NaHS04 

+  2  KHS()4  +  2CrO,CI,. 

Chromyl  chloride  is  an  acid  chloride,  and  is,  therefore,  decomposed 
by  water  into  chromic  and  hydrochloric  acids: 

CrOjCl,  +  2  HsO  =  H»CrO«  +  2  HC1. 

On  adding  caustic  soda  or  potash,  an  alkali  chloride  and  u  yellow 
alkali  ehromatc  arc  obtained,  if  the  solution  is  then  acidified,  some 
ether  KM)  B  little  hydrogen  peroxide  added,  and  the  liquid  shaken, 
the  upper  ether  layer  will  be  colored  blue,  showing  the  presence  of 
.  Iiininimn;  and  the  presence  of  chromium  indicates  that  a  chloride 
was  originally  present  (difference  Emm  bromide  and  iodide). 

6.  Potassium  Permanganate  oxidizes  a  chloride  in  acid  solution. 
On  the  other  hand,  hydrobromic  and  hydriodie  acids  are  oxidized 
much  more  readily  than  hydrochloric  add. 

7.  Mercurous  Nitrate  and  Lead  Acetate  give  precipitates  of  nier- 
curaus  chloride  and  lead  chloride.  From  auric  chloride  solution,  lead 
acetate  precipitates  a  double  chloride  of  lead  and  gold. 


Hrharinr  of  Chlaridr*  on   Ignition 

The  chlorides  of  the  alkalies  and  alkaline  earths  melt  (without 
perceptible  decomposition)  on  being  heated  in  the  air.  The  chloride* 
of  the  sesquioxidea  are  decomposed,  more  or  less  completely,  on  being 
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ignited  in  the  air.     Thus,  ferric  chloride  is  ahmxst  quantitatively  da- 
composed  into  ferric  oxide,  with  lass  of  chlorine: 

4  FeCl,  +  3  O,  =  2  Fe-O,  +  6  CI,  f  . 

In  the  prc*cnoo  of  hydrochloric  acid,  or  ammonium  chloride,  ferric  chloride  may 
be  volatilized  completely  without  any  decomposition. 

The  chlorides  of  gold  and  of  the  platinum  metals  are  readily  de- 
compound into  chlorine  and  metal: 

2  AuCU  =  2  Au  +  3  CW  ]  ; 
PtCl.  =  Pt  +  2Cl.  J. 

The    remaining   chlorides   an-   mostly    volatile,    without    perceptible 
decomposition  except  in  the  case  of  ammonium  chloride  (cf.  p.  96). 

Detection  of  Chlorine  in   ,\V»n  -rlcrtrnlyt** 

Besides  uniting  with  metals  and  with  hydrogen,  chlorine  also  forms 
compounds  wit  li  the  metalloids;  e.g.,  PClj,  PCI,,  AsCI,.  AsCI,,  SbCU. 
SbClk,  CCU.,  SiCU,  etc. 

All  these  compounds,  which  may  be  regarded  u  acid  chlorides, 
are  decomposed  by  water  with  the  formation  of  hydrochloric  acid, 
which  can  be  tested  for  in  the  usual  way.  The  hydrolysis  usually 
takes  place  at  the  ordinary  temperatures.  Thus,  phosphorus  tri- 
chloride yields  with  water  phosphorous  acid  and  hydrochloric  acid, 

PCI, +  3  HOB  =  H,PO,+  3  11(1, 
and  phosphorus  pentnchlorido  yields  phosphoric  acid  and  hydrochloric 

acid: 

PCI,  +  4  BOH  -  H,PO«  +  5  HC1. 

The  remaining  acid  chlorides  are  decomposed  in  a  similar  way  by 

water  at    the   ordinary   temperature,   with   tin    GXCeptlOD   of  carbon 

tetrachloride,  which  is  decomposed  by  water  only  by  beating  in  a 

Blond  tube: 

CCl4  +  2H,0  =CO,+  IHCI. 

Chlorine  act*  upon  a  great  many  hydroearhonH,  forming  substitution-products 
which  arc  non-clectrolytw,  and  consequently  will  not  give  Ike  --Monde  test*:  fof 
example,  if  chloroform,  ('MCI,,  is  nlmki -n  with  a  Hhltion  of  :imiiis>u«  silver  nitrate. 
it  will  not  yield  a  precipitate  of  ailvrr  chloride.  In  order  to  U»t  such  compounds 
for  chlorine  (as  is  frequently  necessary  in  tin  si  wily  of  onennir  mmpounda),  the 
chlorine  must  be  changed  to  hydrochloric  acid  by  one  of  the  following  methods: 

I.  Carius*  Method.  By  heating  the  compound  in  a  scaled  das*  tube  with 
concentrated  nitric  acid,  in  the  presence  of  silver  nitrate,  the  corntmimd  h  com- 
pletely  decomposed;  all  the  chlorine  is  changed  to  silvw  chloride,  which  can  be 
filtered  off,  and.  after  treatment  with  *inc  and  dilute  sulfuric  acid,  can  be  tested  as 
■km.  The  precautions  to  be  taken  in  mding  and  opening  the  tube  are  described 
in  Vol.  II. 
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2.  By  Heating  with  Lime.  —  Place  a  layer  of  granular  lime  (free  from  chloride  i 
then  a  mixture  of  the  substance  to  be  tested  and  lime,  and  finally  another  layer  of 

i.  g  small  icliws  tube,  which  should  be  about  25  an.  long  and  ibool  1  cm.  wide. 
By  gently  tapping  the  tube,  open  up  a  canal  between  the  upper  wall  of  the  tube 
and  the  imbalance,  through  whii-li  the  .Ivcd  nniy  mi-apc.     Place  the  tulw 

bariWDtftUl  in  a  miU  OOmbujUoo  furnace  and  heal  (tirsl  the  front  layer  of  lime, 
i  Inn  I  he  back  layer,  and  finally  the  entire  fflfttfBtl  nf  thl  tttbft)  to  ft  dull  red  heat. 
By   this   matUU    the   organic  I    will    1«-   completely   decompojiod,   and   the 

ohloriaa  ivill  lie  found  combiwil  \uili  Utt  Dm  hi  thfl  form  of  calcium  chloride. 
Cool,  dissolve  the  content*  of  the  ruin-  b  dilute  mini'  and.  filter  off  the  carbon 
and  teat  the  filtrate  with  silver  nitrate  for  chlorine  ions. 

3.  Treatment  with  Sodium.  —  Place  a  small  amount  of  the  dry  imbalance  to  be 
beatwi  iii  . i  small  teet-tube,  add  a  small  piece  of  aodium  (freed  from  patrol)  um,1,  and 
cover  the  metal  with  another  layer  of  the  substance.  Heat  the  tubs.  In  the  gas- 
Maine;  the  decomposition  takes  place  suddenly  with  incandescence.  Piaoa  tin-  bol 
lulu  mid  il.i  rontviitl  ui  :•  BDftll  baftfeftl  n&tftblfll  VfttW  (nlm-li  l.re.d;-.  Um  till k  i : 
aodltBD  chloride  iliwwlvc*  with  other  Hodium  compounds.  Filter  the  solution,  make 
acid  with  nitric  acid,  and  teat  with  silver  nitrate  for  halogens. 

Free  Chlorine 

Chlorine,  whether  produced  by  the  oxidation  of  hydrorhloric  acid 
or  by  igniting  certain  chlorides,  is  a  greenish-yellow  gas,  with  a  suffo- 
■  iiing  odor.  It  i«  absorbed  by  water  (one  volume  of  water  absorbs 
al  10°  C.  about  2.7  volumes  of  chlorine  gas),  forming  chlorine  water, 
a  yellowish-green  liquid,  and  a  poor  conductor  of  electricity  (although 
better  tluui  pure  water,  showing  that  some  ions  are  present).  Chlorine 
decomposes  water  to  :i  Blight  extent,  forming  hydrochloric  arid  and 
hypochlorous  acid : 

H,0  +  CI,  «=*  2  H+  +  CI"  +  CIO". 

In  this  reaction  one  atom  of  chlorine  is  oxidized  to  a  positive  valence  of  one 
and  another  atom  of  chlorine  is  reduced  to  a  negative  valence  of  one  (ef.  p.  170). 
This  reaction,  as  the  application  of  the  maw-action  law  indicates,  is  favored  by 
the  presence  of  hydroxy  1  ions  and  hindered  by  the  presence  of  hydrogen  ions.  If, 
besides  water,  nM  li  in  only  "lightly  iouited,  dilute  alkali  is  present,  the  reaction 
ukret  place  quantitatively  from  left  to  right. 

CI,  +  2  OH"  *4  OT  +  CIO"  +  H,0. 

The  decomposition  of  chlorine  water  takes  place  slowly  in  the  dark, 
but  more  rapidly  in  the  light,  and  in  the  presence  of  oxidixable  sub- 
stnnees.  The  bleaching  action  of  chlorine  water  depends  upon  its 
oxidising  power. 

Chlcrine  tcaler  is  a  strong  oxidizing  agent. 

If  a  solution  of  potassium  iodide  is  treated  with  chlorine  water, 
iodine  is  set  free,  and  the  solution  turns  yellow  to  brown: 

2  KI  +  CI,  =  2  KC1  +  I,. 
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If  the  yellow  solution  is  shaken  with  carbon  disulfide,  or  chloroform, 
a  more  highly  colored,  violet,  non-aqueous  solution  of  iodine  is  ob- 
tained (cf.  p.  17).  By  the  addition  of  more  chlorine  water  the  solu- 
tion becomes  colorless,  owing  to  the  oxidation  of  the  iodine  to  colorless 
iodic  acid: 

fa  +  6  HtO  +  5  CI,  =  10  HC1  +  2  HIO,. 

The  free  iodine  can  also  be  detected  by  the  addition  of  some  starch 
paste  (instead  of  carbon  disulfide,  etc.),  which  is  turned  blue  by  iodine. 

1.  Silver  Nitrate  gives  a  white  precipitate  of  silver  chloride  when 
added  to  chlorine  water;  this  precipitation,  however,  is  not  quantita- 
tive, for  one-sixth  of  the  chlorine  is  changed  into  soluble  rilvw  chlorate: 

3  Cls  4-  5  Ag+  +  3  H,0  =  5  AgCl  -f  CWt"  +  8  H+. 

On  adding  a  alight  excess  of  Hiilfurous  acid  to  chlorine  water,  the  chlorine  is 
readily  and  completely  changed  into  hydrochloric  acid: 

CI,  -I-  H,0  4-  H.SO,  -  H.SO,  +  2  BCB. 

Prom  this  solution  the  chlorine  can  be  precipitated  quantitatively  by  a  mlv.r 
solution. 

Chlorine  may  »Ibo  be  eaxily  changed  into  the  fnnn  of  a  chloride  by  the  action 
of  ammonia  let.  p.  174). 

3  CI*  +  8  NH,  -«  NH.CI  +  N,  t . 

1  rinr  can  be  changed  to  a  chloride  by  the  action  of  hydrogen  peroxide  in  the 
presence  of  sodium  or  potassium  hydroxide : 

Cl,-r  20H"  +  hW),  —2  H.O  +  2  Gt  4-  O,  f  . 

2.  Metallic  Mercury  is  attacked  by  chlorine  at  ordinary  tempera- 
tures, forming  insoluble  mercurous  chloride. 

Hg,  +  CI,  =  HfcCl,. 

If  therefore  chlorine  water  in  «haken  with   metallic   mercury  until   it  no   longer 

smelts  of  chlorine,  a  neutral  wlution  is  obtained  which  contains  no  free  chlorine. 

If  hydrochloric  acid  is  present,  the  solution  now  react*  acid,  and  given  a  precipitate 

ilver  nitrate,  for  metallic  DMPBBQ  i-  DO*  attacked  by  hydrochloric  acid.    This 

reaction  i»  used  as  a  test  for  hydrochloric  acid  in  the  pretence  of  chlorine. 

3.  Metallic  Zinc  also  reacts  with  chlorine  water, 

Zn+Ot  —  Zn*+  +  2  CI". 

4.  Indigo  Solution  is  decolorized  by  ehlorine  water.  If  a  dilute 
solution  of  indigo  is  used,  the  discharge  of  the  color  is  a  sensitive  test 
for  chlorine. 

5.  Iodo-starch  Paper  (paper  which  has  been  dipped  in  starch  pasta 
containing  potassium  iodide)  is  turned  blue  by  chlorine.  The  test  is 
also  delicate  when  starch  paste  containing  zinc  iodide  in  solution  is 

oped. 
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IlypocliliiniMs  in  itl  in  the  free  state  is  unknown.  Its  anhydride, 
C1»0,  is  n  deep  yellow  gas  at  ordinary  temperatures  and  has  an  un- 
pleasant, irritating  odor.  It  explodes  into  chlorine  and  oxygen  on 
being  heated.  Dilute  MJUWUfl  BOtutloM  of  hypochlorous  acid  can  be 
distilled.  The  acid  is  very  weak  and  has  the  ionization  constant  of 
3.7  X  10"'  at  17°. 

Preparation.  —  A  solution  of  free  hypochlorous  acid  is  obtained  by 
shaking  chlorine  water  with  yellow  mercuric  oxide  until  the  solution 
no  longer  smells  of  chlorine: 

2  HgO  +  2  Cfa  +  H,Q  =  (HgCl)20  -f  2  HOCl. 

Brown,  insoluble  mercuric  basic  chloride  is  formed  by  the  reaction, 
and  the  solution  contains  hypochlorous  acid.  If  the  solution  is  poured 
off  from  the  insoluble  basic  mercuric  salt  and  distilled,  a  pure  solu- 
tion of  hypochlorous  acid  will  be  obtained;  which,  however,  cannot. 
be  kepi  long  in  the  light,  for  it  decomposes  into  hydrochloric  acid  and 

oxygen; 

2  HOCl  -»  2  HC1  -f  O,  t  - 

Hypochlorous  acid  is  a  vigorous  Miidiing  agent;  litmus  and  indigo 
are  quickly  decolorized. 

The  alkali  salts  of  hypochlorous  acid  (hypochlorites)  are  obtained 
by  neutralizing  the  acid  with  dilute  sodium  or  potassium  hydroxide; 
or  more  conveniently,  by  the  action  of  chlorine  on  a  dilute  caustic 

alkali  solution: 

CI,  +  2  OH'  =  CI"  +  CIO"  +  H,0. 

The  niiuunniimi  salt  caniint  he  prepared  except  at  very  low  tem- 
peratures, because  the  nitrogen  of  ammonia  is  so  rendily  oxidized  (ef. 
p.  1741. 

All  hypochlorites  are  readily  changed,  on  warming,  into  chlorate  * 
and  chloride  (cf.  p.  179) : 

3KC10— 2Ka  +  KC10* 

consequently  hypochlorites  muBt  always  be  prepared  in  cold,  dilute 

solution. 


*  In  the  pmenot  •■''  10  pw  cent  or  mon-  "f  BMHtfc  poUwb,  the  potassium  hypo- 
chlorite on  hoing  h«t«d  deeomptiM's  Into  ehlarfch  .villi  evolution  of  oxygwi  «nd  U* 
formation  of  no  chlorate  (F.  Wintmxh,  Z.  angrv.  Cktm,,  88  (1002),  p.  778). 
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The  most  important,  <<imimreial  hypochlorite  is  the  so-called 
'  chloride  of  lime,"  which  is  obtained  by  passing  chlorine  gas  over 
lime  at  the  ordinary  temperature. 

Reaction.*  in   the  Wet   It  a  v 

All  hypochlorites  are  soluble  in  water,  and  are  decomposed  by 
acids  (even  carbonic  acid). 

1.  Hydrochloric  Acid  is  oxidized  by  hypochlorites  with  evolution  of 
chlorine: 

CIO"  +  CI"  +  2  H+  -  H,0  +  CI,  |  . 

The  reaction  is  favored  by  the  presence  of  hydrogen  ions.  The 
reverse  reaction  is  favored  by  the  presence  of  hydroxyl  ions  (cf.  p. 
312). 

2.  Sulfuric  Acid  decomposes  hypochlorites,  setting  free  hypo- 
chlorous  acid: 

NaOCl  +  HtSOt  =  NuHSO,  +  H0C1, 

and  carbonic  acid  acts  similarly  though  less  energetically. 

2  NnOCl  +  HaCO,  =  NasCO,  +  2  HOCI. 

It  is  due  in  the  fart  that  hypochlorites  are  so  readily  decomposed 
with  the  formation  of  chlorine  that  they  act  as  strong  bleaching 
agents,  indigo  solution  (a  solution  of  indigo  in  sulfuric  acid)  being 
immediately  decolorized. 

Hypochlorites  act  as  oxidizing  agents  not  only  in  acid  solution*, 
but  also  in  alkaline  solutions  at  ordinary  temperatures  (difference 
from  chlorates),  many  metallic  hydroxides  heinjt  oxidized  by  them 
to  higher  hydroxides.  Thus,  ferrous  hydroxide  is  readily  oxidized 
to  reddish-brown  ferric  hydroxide: 

2  Fe<OH),  +  CIO"  +  H,0  -  CI"  +  2  Fe(OH)„ 

and  similarly  lead,  manganous.  nickelouB,  and  cobalt ous  hydroxides 
are  oxidized  to  brownish-black  hydroxides. 

Less  than  1  m«.  of  hypochlorite  can  be  detected  by  boiling  with 
lead  acetate  solution : 

Pb«*  +  rio-  +  h,o  -» PbO,  +  2H*  +  or. 

If  a  peroxide  is  likely  to  be  present,  thp  solution  must  first  be  acidified 
with  acptic  arid  before  applying  the  t.M  (of.  p.  90). 

3.  Iodo-Starch  Paper  is  turned  blue  by  hypochlorites  in  weakly 
alkaline  solutions,  owing  to  the  separation  of  iodine: 

2  KI  +  NaOCI  +  11,0  =  2  KOH  +  NaCl  +  I,. 
2  I"  +  CIO"  +  H,0  ?=s  CT  +  2  OH"  -f- 1,. 
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The  extent  to  which  the  reaction  takes  place  depends  upon  the 
concentration  of  the  hydroxyl  ion;  only  in  dilute  alkali  will  enough 
iodine  be  formed  to  produce  the  blue  coloration  with  the  starch. 

4.  Metallic  Mercuiy.  —  If  a  solution  containing  free  hypochlorous 
acid  is  shaken  with  metallic  mercury,  brown  basic  mercuric  chloride 
is  formed,  insoluble  in  water,  but  soluble  in  hydrochloric  acid: 

2  Hg  +  2  HOC1  =  (HgCl),0  +  H,0. 

Under  these  same  conditions  free  chlorine  forms,  on  being  shaken 
with  mercury,  white  mercurous  chloride,  which  is  insoluble  in  hydro- 
chloric acid. 

Thi*  property  is  utilised  in  detecting  hyjiochloroua  acid  in  tin-  presence  of  free 
chlorine.  The  mixture  is  shaken  with  mercury  until  a  little  of  tin-  solution  no 
longer  tarni*  iodo-ntarch  paper  blue;  tin?  liquid  i*  then  carefully  pound  off,  hydro- 
chloric  arid  is  added  i.u  ihr  residue,  and  i In-  mixture  ii  .-.h;ikcn,  when  the  basic 
chloride  produced  by  hypooMoTWI  uii  root  into  solution: 

(HfCD.O  -f  2  HCI  -  HrO  +  2  HgCl,, 

while  mercurouB  chloride  remains  undissolved. 

If  hydrogen  sulfide  is  passed  into  the  filtered  solution,  the  formation  of  mercuric 
sulfide  shows  that  hypochlorous  acid  was  originally  prawn t. 

The  Kail*  of  hy|HK'liloruua  acid   liclmve   differently  toward   mercury:  they  form 

insoluble  nun  uric  oxide  and  a  soluble  chloride: 

Hg  +  NftOCl  -  HgO  +  NaCl. 

5.  Silver  Nitrate  causes  in  solutions  of  hypochlorites  an  incom- 
plete precipitation  of  silver  chloride.  One-third  of  the  chlorine  remains 
in  solution  in  the  form  of  chlorate: 

3  CIO"  +  2  Ag+  —  CIO,"  +  2  AgCl. 

Hypochlorous  acid  is  distinguished  from  chlorine  by  its  behavior 
toward  mercury;  from  hydrochloric  acid  by  its  oxidizing  action;  and 
from  chloric  acid  by  its  being  partly  precipitated  by  silver  nitrate, 
and  by  its  oxidizing  action  in  alkaline  solutions. 

6.  Permanganate  solution  is  not  decolorized  by  hypochlorous  acid. 
Litmus  and  indigo  are  decomposed  slowly  in  alkaline  solution  and 
more  rapidly  deeolori2ed  in  the  presence  of  acid.  If  a  solution  of 
arsenious  acid  is  oolored  blue  by  indigo,  the  latter  is  not  bleached  until 
the  arsenious  acid  has  been  all  oxidized  to  arsenic  acid. 

7.  Manganous  Chloride.  —  A  saturated  solution  of  MnCls  in  con- 
centrated hydrochloric  acid  gives  a  brownish  black  coloration  owing 
to  the  formation  of  MnCl,.     Cf.  p.  491. 


HYDROBROMIC   ACID,   HBr 

Occurrence.  —  Bromine  compounds  are  always  found  in  nature  to- 
gather  with  chlorine  compounds;  thus  salts  of  hydrobromic  acid  are 
found  in  the  ocean  and  in  many  mineral  waters. 

Preparation.  —  Hydrohromic  acid  is  formed  by  the  action  of  sul- 
furic acid  upon  a  bromide : 

2  NaBr  +  ftSO,  =  Na,SO«  +  2  HBr. 

But  the  hydrobromic  acid  obtained  l'.v  means  of  this  reaction  is  never 
pure,  being  contaminated  with  bromine;  a  part  of  the  hydrobromic 
acid  is  oxidized  by  the  sulfuric  acid: 

2  HBr  +  H,S()4  —  2  H,0  -r-  SO,  T  +  Br,  t . 

The  more  concentrated  the  sulfuric  acid  used,  the  larger  will  be 
the  yield  of  bromine. 

If  dilute  sulfuric  acid  (8  H,SO,  :  1  HjO)  is  used,  the  hydrobromic 
acid  obtained  is  nearly  free  from  bromine. 

Pure  hydrobromic  acid  may  be  obtained  by  the  action  of  an  add 
bromide  upon  water: 

PBr,  +  3  HOH  =  H,PO,  -f  3  HBr. 

Properties.  —  Hydrobromic  acid  (like  hydrochloric  acid)  ia  a  color- 
less pas  with  a  siiiTueutirif?  odor,  having  thi   propei ty  of  fuming  in 

I  air  and  forming  clouds  of  ammonium  bromide  with  vapors  of 
ammonia.  It.  is  very  soluble  in  water.  The  concentrated  solution 
ha*  the  sp.  gr.  1.78  and  contains  82  per  cent  by  weight  of  hydrobromic 
acid.  Hydrobromic  acid  is  less  stable  than  hydrochloric  add  and 
more  stable  than  hydriodic  acid. 

Although  hydrochloric  acid  can  be  kept  in  aqueous  solution  for  an 
indefinitely  long  time,  a  solution  of  hydrobromii-  add  soon  turn* 
brown,  owing  to  the  separation  of  bromine.  Hydrobromic  acid  ia 
oxidized  by  atmospheric  oxygen: 

4HBr  +  Oi  =  2HsO  +  2Br,f- 

Owing  to  the  slight  solubility  of  cuprous  bromide,  and  aided  by  the 
nee  of  a  little  free  bromine,  hydrobromic  acid  will  dissolve  copper, 
although  this  element  is  below  hydrogen  in  the  electromotive  series 
(cf.  pp.  41  ami  227'. 

Hydrobromic  acid  is  readily  oxidized  with  separation  of  bromine, 
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by  peroxides,  nitrates,  chromatcs,  etc,  provided  a  concentrated  solu- 
tion of  hydrobroinie  acid  is  used. 

Hydrobromic  acid  is  a  monobasic  acid;  its  salts  are  called  bromides. 
It  is  one  of  the  strongest  acids  and  the  aqueous  solutions  are  ionized 
to  the  saiiu  extent  as  .solutions  of  hydrochloric  acid. 

The  solubility  of  a  bromide  is  similar  to  that  of  the  corresponding 

chloride. 

Reactions  in  the  Wet   Way 

1.  Dilute  Sulfuric  Acid  (1  :  10)  evolves  no  hydrobromic  acid  from 
bromides  in  the  cold,  but,  on  wanning,  docs  bo  from  bromide*  of  the 
alkalies. 

2.  Concentrated  Sulfuric  Acid  causes  evolution  of  hydrobromic  acid 
and  bromine  from  all  bromides: 


and 


H2SO,  +  2  Br"  -»  SO,"  ~  +  2  HBr 
H,S04  4-  2  HBr  -» 2  H,0  4-  SO,  |  +  Br,  \ . 


The  solution  is  brown,  and,  on  warming,  yellowish-brown  vapors  are 
given  off  (difference  from  hydrochloric  acid);  which,  aa  they  contain 
hydrobromic  acid,  fume  in  moist  air,  have  a  suffocating  odor,  anil  do 
not  render  water  turbid  (difference  from  fluosilicic  acid). 

3.  Phosphoric  Acid  causes  the  evolution  of  hydrobromic  acid.  If 
an  oxidizing  agent  is  also  present,  bromine  is  evolved. 

4.  Silver  Nitrate  produces  a  curdy,  yellowish  precipitate  of  silver 
bromide,  Insoluble  in  Qltrio  acid,  but  soluble  in  ammonia,  potassium 
cyanide,  and  sodium  thiosulfate.  Silver  bromide  i-  t088  soluble  than 
silver  chloride. 

If,  therefore,  silver  chloride  is  digested  with  potassium  bromide, 
the  former  will  be  changed  into  silver  bromide: 

AgCl  -(-  KBr  =  AgBr  4-  KC1. 

If,  however,  silver  bromide  h  betted  :uid  i  rented  frith  chlorine  gas, 
it  is  readily  changed  into  silver  ehlOfkta 

2  AgBr  4-0,-2  AgCl  4-  Br,  T  . 

.r>.  Chlorine  Water,  on  being  added  to  solutions  of  soluble  bro- 
mides, sots  free  bromine,  which  is  soluble  in  carbon  disulfide  or  chlo- 
roform, forming  ft  brown  solution;  hut  it  is  changed,  by  :in  excess  of 
chlorine  water,  into  yellowish  chloride  of  bromine  (BrCI)  (difference 
from  iodine). 

0.  Potassium  Dichromate,  in  the  presence  of  dilute  sulfuric  acid. 
docs  not  cause  separation  of  bromine  from  aqueous  solutions  of  bro- 
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niides;  on  shaking  the  dilution  wit  i  i  -  ;ti  lion  disulfide,!  he  latter  reniainn 
colorless  (difference  from  iodine). 

7.  Potassium  Dichromate  and  Concentrated  Sulfuric  Acid.  —  On 

mixing  a  solid  hrorviide  with  solid  potassium  dielnomatc,  covi 
mi\tmv   vvitli   i'<iii<-.'iii  i-.i  i  ir  I   sulfuric  acid   and   distilling,   a   blown   dis- 
tillate is  obtained   (as  with  a  chloride),  which,    however.  OOlttiftB  of 
bromine  and  contains  no  chromium: 

<  VsOr"  "  +  6  Br"  +  14  H+  ->  2  Cr*+*  +  7  H,0  +  3  Br2 1  • 

On  adding  dilute  sodium  hydroxide  to  the  distillate,  a  colorless  for 
sometimes  a  faint  yellow)  solution  is  obtained;  which,  after  being 
Modified  with  sulfuric  acid,  does  nm  •_; i  \  i ■  the  chromium  real  ii""  with 
dilute  sulfuric  acid  and  hydrogen  peroxide,  but  merely  turns  brown 
owing  to  the  liberation  of  free  bromine  (difference  from  chlorine). 

8.  Potassium  Permanganate  oxidizes  hydrobromic  acid  more  readily 
than  it  does  hydrochloric  acid  and  less  readily  than  it  does  hydriodic 
at  nl. 

9.  Nitrous  Acid  does  not  cause  the  separation  of  bromine  from  a 
dilute  bromide  solution  in  the  cold  (difference  from  iodine). 

Detection  of  Bromine  In  Non-elect  roly  tea 

The  method  of  procedure  is  exactly  the  same  ax  was  given  in  the 
case  of  chlorine  in  a  non-electrolyte  (see  p.  311). 

Free  Bromine 

Free  bromine  (which  may  be  obtained  by  the  oxidation  of  hydro- 
bromic acid)  is  a  brown  liquid  at  the  ordinary  temperature,  and  dis- 
solves in  water,  forming  a  colored  solution.  Bromine  boils  at  63°, 
and  evaporates  rapidly  at  ordinary  temperatures.  Bromine  vapors 
are;  brownish  red  and  very  poisonous.  The  cold,  saturated  solution 
of  bromine  contains  2  to  3  per  cent  of  dissolved  bromine.  Concen- 
trated hydrochloric  acid  at  the  ordinary  temperatures  dissolves  much 
more  bromine;  the  saturated  solution  containing  about  13  per  cent 
uf  the  substance  is  an  efficient  oxidising  agent.  Alcohol,  ether,  oarbon 
bisulfide,  carbon  tetrachloride  and  chloroform  dissolve  bromine  very 
readily.  Bromine  is  so  much  more  soluble  in  these  last  three  sol- 
vents, which  are  heavier  than  water  and  do  not  mix  with  it  to  any 
extent,  that  the  greater  part  of  the  bromine  ean  be  i.-moved  by  shaking 
the  aqueous  solution  With  a  much  smaller  volume  of  the  other  liquid 
solvent.  Bromine  water,  like  chlorine  wafer,  is  decomposed  by  stand- 
ing in  the  light;  by  shaking  with  mercury  the  free  bromine  is  taken 
up  and  tlai  presence  of  hydrobromic  acid  is  shown  by  the  acid  reaction. 
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Bromine,  like  chlorine,  acts  as  a  strong  bleaching  agent  (oxidiz- 
ing the  color)  and  combines  directly  with  metallic  mercury,  forming 
insoluble  mercurous  bromide. 

The  detection  of  hydrobromic  acid  in  the  presence  of  bromine  is 
accomplished  in  precisely  the  same  way  as  was  described  for  the 
detection  of  hydrochloric  acid  in  the  presence  of  free  chlorine  (cf. 
p.  313). 

Bromine  acts  upon  solutions  of  alkali  hydroxides  exactly  as  chlorine 
does: 

(a)  In  a  cold  dilute  solution: 

Br,  +  2  OH"  =  Br"  +  BrCT  +  H,0. 

(6)  On  warming: 

3  Br,  +  6  OH"  -+  5  Br"  +  BrO,"  +  3  H,0. 

(c)  Upon  ammonia: 

3  Br,  +  8  NH,  ->  6  NH4Br  +  N,  f  . 


HYDRIODIC  ACID,  HI 

Occurrence.  —  Iodine  occurs  in  nature  as  the  iodide  and  as  the 
iodatc;  most  frequently  as  the  former,  accompanying  (in  small 
amount*)  chlorine  and  bromine;  e.g.,  in  the  ocean,  in  mineral  witter*, 
etc. 

Preparation.  —  Hydriodic.  acid  may  be  obtained  pure  by  the  action 
of  an  acid  iodide  upon  water: 

PI,  +  3H,0  =  H,PO,  +  3HI. 

If  we  attempt  to  prepare  hydriodic  acid  by  the  action  of  sulfuric 
acid  upon  iodides,  even  from  dilute  solutions,  it  is  more  difficult  than 
in  the  case  of  hydrobromic  acid  to  obtain  a  pure  product,  on  account 
of  the  strong  reducing  power  of  hydriodic  acid.  The  hydriodic  Mid 
thus  obtained  always  contains  a  large  amount  of  iodine,  together  with 
the  reduction  products  of  sulfuric  ami,  the  latler  varying  in  composi- 
tion according  to  the  concentration  of  the  aci<l  employed  and  of  the 
iodide  solution.  Thus,  with  considerable  concentrated  sulfuric  acid, 
sulfur  dioxide  is  obtained: 

2  Nal  +  3  H18O,  -♦  2  NaHSO*  +  2  H,0  +  SO,  T  +  I»- 

But  if  considerable  iodide  is  present,  the  sulfuric  acid  is  reduced  to 
sulfur  and  finally  to  hydrogen  sulfide. 

6  KI  +  7  H,SO«  -♦  6  KHSO,  +  S  +  4  H,0  +  3  Is, 

8  KI  +  9  HaSO«  —  8  KHS04  +  H,S  T  +  4  H,0  +  4 1,. 

Properties.  —  Hydriodic  acid  is  a  colorless  gas,  with  a  suffocating 
odor;  it  fumes  in  moist  air,  and  is  readily  soluble  in  water,  forming 
a  strongly  fuming  liquid  of  sp.  gr.  1.90-2.10.  The  aqueous  solution 
of  hydriodic  acid  is  even  more  difficult  to  keep  than  a  solution  of 
hydrobromic  acid;  it  soon  turns  brown,  owing  to  the  separation  of 
iodine: 

4  HI  +  O,  (air)  —  2  H,0  +  2  I,. 

If  hydrogen  sulfide  is  conducted  into  the  brown  solution,  it  is  de- 
colorized, with  separation  of  sulfur: 

It  +  H,S  =  2  III  +  S. 

Owing  to  the  extremely  slight  ionization  of  complex  mercuric  iodide 
anions,  hydriodic  acid  is  capable  of  dissolving  mercury,  which  is  con- 
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sidcrablv  Iwlow  hydrogen  in  the  electromotive  series  (cf.  pp.  10  and 

41). 

Hg  +  4  HI  =  [HgI,]H,  +  H,  f . 

Hydriodic  acid  (like  hydrochloric  and  hydrohromic  acids)  is  oxi- 
dised by  peroxides,  nitrates,  nitrites,  ehromates,  etc.,  with  separation 
of  iodine;  in  this  case  the  oxidation  of  the  hydriodic  acid  takes  place 
so  readily  that  a  very  dilute  solution  is  oxidized  by  nitrous  and 
chromic  acids  even  in  the  cold. 

Hydriodic  acid  is  a  monobasic  add  J  its  salts  are  called  iodides.  It 
is  a  strong  acid  and  the  dilute  aqueous  solutions  are  almost  completely 
ionized. 

The  solubilities  of  the  iodine  compounds  are  analogous  to  the  eor- 
reeponding  bromine  and  chlorine  compounds.  The  cuprous,  silver, 
ii i. -i<  mi',  and  palladium  salts  arc  much  less  soluble  than  the  corre- 
sponding chlorine  or  bromine  compounds. 

Rwction*  in  the  Wet   Way 

1.  Dilute  Sulfuric  Acid  (1  :  10)  attacks  the  iodides  of  the  alkalies 
perceptibly,  but  only  on  warming. 

2.  Concentrated  Sulphuric  Acid  reacts  in  the  cold  (cf.  p.  321). 

3.  Sliver  Nitrate  produces  a  yellow,  curdy  precipitate  of  silver 

iodide,  insoluble  iu  nilnr  arid,  and  only  slightly  soluble  in  amiiiiiuia, 

but  readily  soluble  in  potassium  cyanide  and  sodium  thiosulfate. 

Treatment  with  ammonia  eauarei  the  mlrcr  iodide  to  amurm;  *  much  lighter  color. 

By  the  action  of  chlorine  gas,  silver  iodide  is  readily  changed  into 
silver  chloride: 

2AgI  +  Cl5  =2AgCl  +  I,. 

On  the  other  hand,  if  chloride  or  bromide  of  silver  is  treated  with 
potassium  iodide  solution  it  will  lie  changed  into  silver  iodide: 
AgCl  +  Kl  =  KC1  +  Agl, 
AgBr-f-KI  =  KBr+Agl. 

This  apparently  anomalou*  behavior  is  easy  to  explain.  An  it*  position  in  the 
electromotive  series  shows,  ElM  ohlorinc  on  dfaphofi  bromine  or  iodine  in  its  salts; 
it  has  a  greater  tendency  n>  In  BMhleed  i«>  chloride  man-  On  the  other  hand,  silver 
iodide  u  far  le»  *oliililc  than  rilvw  limruidc  und  the  latter  L>  lc*«  Soluble  than  »dver 
t hltirulr,  tad,  for  'lii«  reason  alone,  ladbui  ion*  will  replace  chlorine  or  bromine  ions 
in  the  cane  of  t  he  silver  nalt*. 

4.  Lead  Salts  precipitate  yellow  lead  iodide,  soluble  in  consider- 
able hot  water  and  forming  a  colorless  solution  which  deposits  gold- 
yellow  plates  of  I'blj  on  cooling. 
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5.  Palladous  Chloride  (it  is  best  to  use  sodium  palladous  chloride) 
precipitates  black  pallndous  iodide  fnmi  dilute  .solutions  of  an  lodjds 
(difference  from  chlorine  and  bromine), 

Na,[PdCl,]  -I-  2  KI  =  2  NaCl  +  2  KC'l  +-  Pdls, 

which  is  readily  soluble  in  an  excess  of  potfl ••  ium  iodide. 

6.  Cupric  Salts  are  reduced  by  iodides,  causing  the  separation  of  a 
brownish  mixture  of  cuproua  iodide  and  iodine  : 

2  Cu+^  -f  4  I"  -*  Cu,I,  +  Ij. 

If  sulfurous  acid,  sodium  thiosulfate  or  ferrous  sulfate  is  then  added 
to  the  solution,  a  nearly  white  deposit  of  cuprous  iodide  is  obtained, 
owing  to  the  free  iodine  Ix-hiR  clianged  to  hydriodic  acid  by  the  reduc- 
ing agent: 

SO,"  -  +  H,0  -f- 1,  —  S(V  "  +  2  H+  -f-  2 1"; 
2  SiOr  ~  +  Is  —  S«Oa—  +  21". 

7.  Nitrous  Acid.  —  If  a  dilute  solution  of  an  iodide  is  treated  with 
nitrous  acid,  iodiue  separates  out  and  the  solution  becomes  yellow  or 
brown  in  color  (difference  from  chlorides  and  bromides): 

2  HNO.  +  2  HI  =  2  NO  +  I,  +  2  HsO. 

This  extremely  sensitive,  reaction  is  best  performed  as  follows: 

Prepare  a  solution  of  nitrous  acid  in  concent  rated  sulfuric  acid  by  heating  arsenic 
trioxide  with  nitric  add  l>p.  gr.  1.30-1.35)  aud  condueliiig  the  Ktisei  evolved  (NO, 

and  NO)  inUixulfurii-  ;><  nl    »p.  ur.  1.7'i-l.NOj: 

AsO,  +  2  II  NO,  -  Aa,0,  +■  H,0  +  NO,  T  +  NO  t , 
2SO,(^  +  NO,+NO-H/>  +  2SO,(^NO) 

This  solution  of  nitrosyl  sulfurio  acid  is  sometime*  called  "nitre**."     It  can  l>c 
kept  for  sonic  time,  tail  water  decompooce  it  into  nitron*  tad  sulfuric  acids: 

/•OH 

SO,  Q  0NQ  +  HOH  -  H.SO.  +  HNOt. 

Treat  the  solution  to  be  tested  with  a  few  drops  of  nitrote.  and  shako  with  n  little 
carlxm  dimilfiilr  m-  .  Iilurofnnn;  if  im  iodide  in  present,  iodine  is  liberated,  which 
colors  the  carbon  disulfide  or  chloroform. 

8.  Potassium  Dichromate,  in  the  presence  of  dilute  sulfuric  acid, 
causes  the  separation  of  iodine  from  dilute  iodide  solutions  in  the 
eold;  the  iodine  can  be  more  easily  recogniied  by  shaking  the  solu- 
tion with  chloroform  or  carbon  disulfide  (difference  from  bromine): 

Cr207-  -  -f-  0  I'  +  14  H+  —  2  Cr*t*  +  7  H,0  +  3  I,. 

By  heating  a  mixture  of  solid  iodide  and  solid  potassium  dichro- 
mate with  concentrated  sulfuric  acid,  iodine  is  set  free  (according 
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to  the  above  eqiwtJO&)|  which  distills  over,  and  can  bo  condensed  in 
the  receiver.  No  chromium  is  carried  over  by  this  reaction  (differ- 
ence from  chlorine). 

9.  Potassium  Permanganate  oxidize*  hydriodic  acid  more  reudily 
than  it  act*  upon  hydrobromic  or  hydrochloric  acids.  The  oxidation 
will  take  place  in  dilute  acetic  acid  .solutions  containing  considerable 
101  lium  acetate. 

10.  Mercuric  Chloride  produces  scarlet  mercuric  iodide,  soluble  in 
an  excess  of  potassium  iodide: 

Hg++  +  2I--»HgI„ 
HgI1  +  2I-->(HgI4r-. 

If  a  solution  of  an  alkali  iodide  is  treated  with  ammonia  and  a  little 
potassium  hydroxide  and  then  with  a  few  drops  of  mercuric  chloride, 
a  reddish-brown  precipitate  of  dintcrciiric-ammouium  iodide  is  ob- 
tained.    This  is  a  sensitive  reaction. 

11.  Chlorine  Water  sets  free  iodine  from  iodides, 

2KI  +  (%  =2KC1  +  IS, 

which  colors  carbon  disulfide  reddish-violet,  or  starch-paste  blue. 

By  adding  an  excess  of  chlorine  water,  the  violet  color  disappears, 
the  LodiOC  being  oxidized  to  colorless  iodic  acid: 

Ij  +  0  HsO  +  5  CI,  =  10  HCI  +  2  HIO,. 

Detection  of  Iodine  in  i\on -electrolytes 

The  processes  to  be  employed  are  the  same  as  those  described  for 
detecting  chlorine  in  non-electrolytes  (see  p.  311). 

Free  Iodine 

Free  iodine  forms  scales  resembling  graphite  in  appearance;  its 
sp.  gr.  is  4.9-1  at  17°.  It  melts  at  114°  (at  the  same  temperature  as 
sulfur),  but  begins  to  volatilize  at  ordinary  temperatures,  and  is  com- 
pletely transformed  into  Violel  vapors  at  200°. 

Iodine  is  only  slightly  soluble  in  water  (100  parts  of  water  dissolve 
0.02  part  of  iodine)  but  is  soluble  to  a  considerable  extent  in  alcohol 
and  ether,  forming  brown  solutions,  ami  it  is  much  more  soluble  in 
carbon  disulfide,  carbon  tetrachloride  ami  in  chloroform;  practically 
all  the  iodine  can  be  removed  from  an  aqueous  solution  by  shakinR  a 
few  times  with  either  of  these  solvents  (cf.  p.  17).  Iodine  is  very 
soluble  in  hydriodic  acid,  or  in  a  solution  of  an  alkali  iodide,  forming 
triiodide  ions: 

I" +  !,♦=*  IT. 
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The  solution  of  the  trilodide  shows  all  the  reactioiiK  of  free  iodine, 
but  the  vapor  tension  of  the  iodine  is  much  leas  than  in  a  solution 
of  pure  water  because  only  a  little  free  iodine  is  actually  present  at 
any  one  time. 

Commercial  iodine  always  contains  water,  chlorine,  bromine,  and 
often  cyanogen  (iodine  cyanide)  as  impurities. 

An  aqueous  solution  of  iodine    is  a  weak  oxidizing  agent.      If 
hydrogen  sulfide  is  passed   through  an  aqueous  solution  of  iodine,  it 
becomes  colorless  and  turbid,  owing  to  the  separation  of  sulfur: 
H,S  +  I,  =  2  HI  -f-  S. 

Solid  iodine  is  not  acted  upon  at  ordinary  temperatures  by  hydrogen 
sulfide;   heat  is  necessary  to  produce  the  endothermic  hydriodic  acid. 

In  aqueous  solution  the  necessary  heat  energy  is  furnished  by  the 
solution  of  the  hydriodic  acid  formed  in  water.  The  fact  that  solid 
iodine  is  not  acted  upon  by  hydrogen  sulfide,  while  it  decomposes 
areinc,  is  utilized  in  the  preparation  of  hydrogen  sulfide  containing  no 
arsenic  from  pyrites  containing  arsenic  (cf.  p.  249).  The  mixture  of 
hydrogen  sulfide  and  arsine  is  passed  over  iodine,  and  the  latter  only 
is  rciniivcil. 

Sodium  Thiosulfate  decolorizes  iodine  solutions,  forming  sodium 
tetrathionate  and  sodium  iodide: 

2  EMV  -  + 1,  -» stor  -  +  2I-. 

Chlorine  and  bromine  react  in  exactly  the  name  way  upon  sodium  thiosulfate 
wjlution."  ulii-n  they  are  nut  present  in  exctiw.  In  the  latter  case  the  reaction  goes 
further  am)  tin:  Ntrathionate  is  oxidised  U>  sulfate  and  sulfuric  acid  with  deposi- 
tion of  sulfur,  and  the  sulfur  itself  is  gradually  oxidised  to  sulfuric  acid  by  the 
halogens: 

28A~  +  12  H.0  +8CU— 16C1-  4-  6HO.—  4-  24  11+  4-2S, 
2S  +  8  HiO  +  8Cli  -» 1011+  +  2504—  +  12 Cl". 

Othcr  weak  oxidising  agent*,  such  as  ferric  and  cupric  salts,  net  upon  thionulfate 
similar  to  iodine  (see  Thiosulfuric  add). 

Starch  Paste.  —  Free  iodine  colors  starch  paste  blue,  but  only  in 
the  presence  of  hydriodic  acid  or  a  soluble  iodide. 

Opinions  differ  concerning  the  composition  of  the  blue  "iodide  of  «tareh.'* 
Some  hold  that  it  is  a  compound,  while  othern  regard  it  aa  a  colid  solution  ,*  Accord- 
ing to  Myliiw.t  i'mUiIi'  ii(  starch  ll  the  hydriodic  acid  compound  of  an  iodine  addition- 
produet  of  rtnrch,  containing  alniut  IS  per  cent  iodine,  corresponding  to  the  formula 
(CnIImObIIi- III.    Tin*  compound  acts  as  an  acid.     If  iodide  of  starch  is  produced 

•  KiJSTER,  Ann.,  483,  «R»  (1894),  C.  O.  Haiix.  Chum.  Smtr.,  1898,  I,  H>ls; 
AffDRKWd  and  Ootmcii,  J.  Am.  Chem.  Soc.,  34,  868  (1906);  Padra  and  SaTOIB, 
Cketn.Zenlrabl.,  1906,  I,  1593;  KaTTAMA,  Z.  anorf  Chem.,  66,209  (1907). 

t  Mnm,  Her.,  20,  OSS,  and  C  Lqnses,  Z.  anal.  Chem.,  S3,  109. 
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in  »  neutral  solution,  in  the  presence  of  iodides,  a  salt  of  t h< •  .above  acid  is  formed,  of 
which  Mylius  isolated  the  barium  suit.     Iodide  of  starch,  then,  can  he  regarded  ax 
a   double   suit,    similar    to    carnallitc,    Mgt'U.  •  K'JI -i»  lli<>       In   dilute   solutions   it 
must  lie  diseooiated  into  ita  components,  e.g.,  the  potavium  salt 
[OJWWJ.  •  KIi=»4  [C*H«0,.I|  +  kl , 

and  if  we  ansunie  that  the  compound  C'mH«OjoI  is  colorless,  the  aqueous  Holution  of 
March  hhIkJi  vhII  In-  colorless;  but.  (in  increasing  the  concentration  aj  the  alkali 
iodide,  the  double  salt  will  bo  lr*B  dissociated  and  tlie  blue  color  of  the  und imnciated 
compound  will  appear,  which  corresponds  with  the  f  ucUt.  If  a  dilute  aqueous  iodine 
solution  (obtained  by  shaking  iodini  with  water .1  is  added  drop  by  drop  to  a  dilute 
aqueous  starch  solution,  n  blue  color  will  appear  at  the  spot  where  the  two  solutions 
first  come  in  contact,  but  thin  color  will  disappear  on  stirring.  If  some  potassium 
(or  other)  iodide  is  added  to  the  colorless  solution  of  the  starch  and  iodine,  a  perma- 
nent blue  roloriiiiun  will  at  once  appear.* 

The  temporary  appearance  of  the  blue  color,  immediately  on  adding  the  io 
MnitlOB,  li  probably  due  to  the  fact  that  the  iodine  first  form*  a  substitution  prod- 
uel  with  the  stfirch,  netting  free  hydriiKhc  acid,  which   furnishes  the  condition))  for 
tho  formation  of  tzM  i » Hi  U  "f  starch. 

The  fact  that  n  starch  solution  cunUininK  an  iodide  is  much  more  sensitive  than 
one  in  pure  water  has  been  known  for  a  long  I 


Oeferlfon  of  Hydrochloric.  Hydrobromic,  and  Uydr  iodic  Acid*  in  the 
Preavnc*  of  Orw  Attother 

METHOD    A 

The  solution  to  be  tester!  should  contain  the  alkali  suits  of  the 
above  acids.  Half  of  this  solution  is  taken  for  the  bromide  and  iodide 
test,  while  the  other  half  is  retained  for  the  chloride  test. 

(a)  Detection  of  Bromine  and  Iodine 

1.  Acidify  the  solution  with  dilute  sulfuric  acid,  add  a  litUe  carbon  disulfide,  or 
chloroform,  a  drop  of  chlorine  water  and  ihake.  If  iodine  in  present  (even  in  tho 
presence  of  bromine),  Ibe    arbun  di.Tiilfidc  will  be  colored  reddi.-Oi-violct. 

To  detect  hrom.inf.  shako  repeatedly  after  the  addition  of  small  portion*  of  chlorine 
water,  until  the  reddish- violet  color  has  disappeared,  allowing  tluit  the  iodine  has 
been  completely  oxidized  to  iodio  acid;  tho  brown  color  of  tin-  hrotnkM  dissolved 
in  the  carbon  disulfide  will  then  appear  and  liecomc  a  pale  yellow  on  further  addition 
of  chlorine  water. 

2.  Instead  of  using  chlorine  water,  it  is  often  better  to  teal  for  iodine  (especially 
when  only  small  amounts  arc  present,  as  in  mineral  waters)  with  nitrous  acid. 
Slighti  the  solution  u.  lie  t.  -v. I  fur  iodine  .md  bromine  with  dilute  Milfuric. 
add,  add  carbon  disulfide  and  a  few  drops  of  a  solution  of  nitrous  ncid  in  sulfuric 
acid  and  shake  the  mixture.  If  the  carbon  disulfide  is  colored  reddish-viulet,  iodine 
is  present.  Pour  off  the  aqueous  solution  (through  •  moii-tencd  bit,  i  in  order  to 
remove  any  suspended  drop*  <>f  ootored  CMbon  di-ulfide),  add  chlorine  water  and 
shake  the  solution  with  f r.-.d,  carbon  diMilhde.  If  the  latter  now  assumes  a  brown 
color,  bromine  is  present. 


The  blue  color  disappears  on  heating  the  solution,  but  reappears  on  cooling. 


(b)  Defection  of  Chlorine 
The  simplest  wny  of  separating  chlorine  from  bromine  and  iodine  is  !>y  fractional 
precipitation  with  silver  nitrate.     If  the  solution  containing  salts  of  the-  three  halo* 
gen*  «  treated  with  dilute  silver  nitrate,  drop  by  drop,  the  iodine  will  I"-  iirnt  pre- 
cipitated as  yellow  silver  iodide,  then  the  bromide  as  a  pale  yellow  silver  salt,  and 

finally  the  chlorine  as  pure  white  silver  chloride.    To  separate  il liloriiio  from  the 

other  two  IibIokciik,  acidify  u  little  of  (he  dilution  to  be  tested  with  niinc  acid,  add 
a  drop  of  dilute  silver  nitrate  nhltkn  (1  :  100)  shake  and  boil  the  mixture,  which 

causes  the  precipitate  to  colter:!  together.  If  bromine  or  iodine  is  present,  the  pre- 
cipitate is  yellow.  Filter  ofT  t.hn  precipitate  ,  ;  iiq  ttWt  with  the  dilute  silver 
nitrate,  etc.,  until  a  pure  white  precipitate  of  silver  chloride  in  obtained,  in  case 

chlorine  ! .-.  |  nr  .  nI 

By  filtering  off  the  precipitate  it  is  easy  to  tell  whether  n  i*  pure  white,  for  the 
slightest  tinge  of  yellow  will  show  against  the  white  paper. 

METHOD   B 

This  method  of  analysis  is  based  upon  the  different  degrees  of  readiness  with 
which  the  iodide,  bromide  and  chloride  ions  are  oxidized  by  1  per  cent  potassium 
permangumitc  solution.  In  ;.  dilute  -olution  containing  I  lit 1 1<-  neetic  acid  and 
considerable  aodiiuu  acetate,  an  iodide  ia  immediately  oxidized  with  liberation  of 
iodine,  which  can  ho  removed  from  the  solution  by  ibftkilfl  with  a  solvent  which  ia 
immiscible  with  water  (cf,  p.  17).  Under  these  conditions  .«u  appreciable  quautity 
of  bromide,  or  chloride  urns  is  not  oxidized  in  the  time  required  for  the  necessary 
operations  with  nn  iodide.  Winn  tl mccntrntinn  of  the  hydrogen  ions  is  in- 
creased, by  the  addition  of  n  prescribed  quantity  of  sulfuric  acid,  the  bromide  is 
oxidized  very  rapidly  while  the  rate  of  the  corresponding  reaction  with  chloride  ions 
id  no  alow  that  scarcely  any  free  chlorine  is  formed.  The  solution  may  even  be 
boiled  without  losing  more,  than  a  small  fraction  of  the  chloride  ions  originally 
present. 

The  increase  in  the  oxidising  iwwer  of  the  permanganate  upon  the  addition  of 
hydrogen  ions  is  a  direct  fulfillment  of  the  mass-action  principle  (p.  13).     In  the 
reaction  between  permanganate  and  halogen  ions,  hydrogen  ions  are  required, 
2  MnO.-  -f  6 1"  +  8  H+  —  2  MnO,  -f-  I  H,0  +  3  I,, 

2MnO«-  +  101-  +  10  H+  —  2  Mn++  +  8  EfcO  +  ftfc 

The  permanganate  will  l>c  reduced  only  to  the  quadrivalent  condition,  and  man- 
ganese dioxide  will  be  precipitated,  when  the  supply  of  hydrogen  ions  is  limited, 
bat  oivalent  manganous  cations  will  be  formed  to  u  grestci  extent  when  more  acid 
i<  present. 

In  carrying  out  this  method  of  analysis,  it  is  very  Import  in  t  that  the  directions 
should  be  closely  followed  as  regards  the  quantities  of  acid  added. 

Procedure,  If  the  solution  to  be  tested  is  acid,  add  sodium  carbonate  solution 
drop  by  drop  until  the  solution  no  lunger  gives  a  decided  red  color  to  blue  litmus 
paper.  If  too  much  sodium  carbonate  \-  added  aeeidcn'.'ill;. ,  add  dilute  nitric 
iuid.  drop  by  drop,  until  a  very  faint  acid  teal  I  obi  lined  in  the  well -nn.-d  Squid 
Thru  odd  H  re.  of  normal  sodiura  acetate  solution,  2  cc.  of  6-normal  acetic  acid,  and 
filter  if  any  precipitate  is  formed.  Add  3  cc.  of  chloroform  and  1  per  cent  |>erman- 
ganatc  solution,  I  cc.  at  a  tune,  until  the  aqueous  solution  after  being  vigorously 
shaken  ahowa  the  pink  color  of  permanganate.  If  an  iodide  in  present,  the  chloro- 
form will  now  he  colored  purple  t>y  the  presence  of  free  iodine. 
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Four  i  In-  mixture  through  a  moistened  filter  to  remove  tin;  chloroform  and  pre- 
cipitated niangancne  dioxide;  the  wetting  with  water  nervun  to  prevent  chloroform 
passing  through  the  pore*  of  tin:  paper.  .Shake  the  filtrate,  il  M0MHI7i  with  fresh 
pffltfotM  ti  fthlorofona  to  extract  all  of  the  iodine  from  the  aqueous  solution  (cf. 
p.  17),  fill' i  mi'  through  a  fresh  filter  each  turn- 

When  all  the  iodine  has  been  removed,  'rmisfer  the  Bolution  to  a  separatory 
funnel,  add  3  cc.  of  fruah  chloroform,  5  cc.  of  6-norma.l  sulfuric  acid  and  1  cc.  of  tho 
dilute  | KKiiiingiiruite,  unless  an  excoas  of  the  last  mentioned  reagent  is  already 
prcwont.  Shako  vigorously  und  then  allow  il,.  ,  •hloroforin  to  separate  out  |..-n.-.ith 
the  water.     If  bromine  is  present,  tbe  chloroform  will  be  colored  yellow  or  orange. 

Carefully  remove  the  chloroform  with  the  aid  of  the  scptirulory  funnel  and 
trnn-i'-r  il,e  Mpwoa  -oluiion  to  a  porcelain  dish.  Add  from  5  to  20  cc.  of  dilute 
permanganate,  according  to  (In-  MnoUBt  of  PfOlrlMa  probably  present,  and  boil  the 
mixture  about  five-  .mn  in-,  or  until  tho  volume  of  the  solution  ha*  been  reduced  to 
10  cc.  Filter  off  the  manganese  dioxide  precipitate;  and,  if  the  solution  is  Mill 
pink,  add  sulfurous  acid  drop  by  drop  until  it  is  colorless.  Hoi  ling  the  solution 
serves  to  oxidize  » I ««-  iMt  traces  of  bromine  ions  present  without  oxidising  chlorine 
mii:.  to  any  extent.  The  excess  of  permanganate  reacts  with  mangauous  ions 
(formed  by  reduction  of  the  permanganate)  to  form  manganese  dioxide, 
2  M  DO, "  +3M n-H-  +  2  HiO  —  .ri  MnO,  +  4  B*, 

lint  the  presence  of  hydrogen  ions  interfere*  with  this  reaction,  in  accordance  with 
the  maxs-nction  law.  Consequently,  either  owing  to  the  fact  that  there  is  a  defi- 
ciency of  mnngaiiotis  ions  in  the  solution  or  because  tin-  concentration  <if  the  hydro- 
Ken  ions  is  too  great,  it  in  often  n.M  i-ssary  to  add  Milfiiruus  mil  t.i  n-.luee  (he  last 
traces  of  permanganate  ion 

2  MnO*-  4-  5  SO,—  +  «  H+  - 2  M»++  +  fi  SO.™  +  3  HrO. 

Dilute  the  solution  to  100  cc.,  filter  if  necessary,  add  20  cc.  of  6-normal  nitric 
acid  and  a  little  silver  tiur.it.-  dilution.  A  curdy  precipitate  of  silver  chloride  is 
formed  if  a  chloride  is  proton t. 

Remark.  —  The  ■bOVt  naotbcd  at  separation  is  capable  of  giving  excellent  results. 
A  solid  Mihstance  can  be  tested  for  chloride,  bromide  and  iodide  after  first  heating 
it  with  phosphoric  acid  and  collecting  the  dixtilltite  If  about  '_'  gins,  of  solid,  25 
cc.  of  water  anil  10  00  of  85  per  cent  phosphoric  acid  arc  used,  all  the  iodine,  bro- 
mine and  chlorine  will  pom  into  the  distillate.      If  any  oxidizing  agent  is  present 

however,  free  iodine,  free  be bfl  and  h*<  chlorine  will  i.c  formed  in  tho  order 

named.  The  free  halogen  can  be  removed  by  shaking  the  distillate  with  chloro- 
form (cf.  p.  320.).  'I*  I"''  rlil.HK.r  ll  formed,  it  will  dissolve  in  the  chloroform.  Iodine 
and  1  mi •■  in :m ■  .m-  raoognfMd  by  the  color  they  impart  to  the  chloroform  and  Hbvttl 
fodiM  from  potassium  iodide.  After  the  removal  of  the  fns-  halogen,  tin  di:  hllate 
may  he  tested  for  hyilnodic,  hydmlimtiur  tod  hydrochloric  MidR  ok  described  above. 
By  distilling  with  phosphoric  acid,  halogen  i-  obtained  even  from  chlorates  and 
bromatcs  if  a  reducing  agent  ia  present. 

Detection  of  Halogen  In  the  Pretenre  of  Cyanide 

Conduct  carbon  dkuddt  tbr.iugh  the  »hghtly  tlkollna  ■oliltioB  until  tl,e  escaping 
gas  no  longer  gives  any  turbidity  when  pa--  ed  into  ■,:  nitric  u.-id  : . .1  n r i.  .i ,  ,,f  silver 
nitrate. 

The  carbon  dioxide  may  be  prepared  in  a  Kipp  generator  from  marble  and  dilute 
hydrochloric  acid  and  washed  with  sodium  bicarbonate  solution.    The  Onrbttk 
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acid  expels  the  weaker  hydrocyanic  acid  from  its  salts  (cf.  p.  10).  Owing  to  the 
very  poisonous  nature  of  hydrocyanic  acid,  the  expulsion  of  the  gas  should  take 
place  under  a  good  hood. 

After  the  removal  of  the  hydrocyanic  acid,  test  the  solution  in  the  usual  way 
for  halogens. 


Hydrocyanic  Acid  (Prussic  Acid),  HCN 

Occurrence.  — The  compound  of  hydrogen  with  the  univalent  cyan- 
ogen radical,  CN",  occurs  to  some  extent  in  nature.  It  is  found  in 
all  parts  of  a  tree  growing  in  Java  (Pangium  Edule),  particularly  in 
the  seed  kernels.  Its  compounds  arc  found  in  many  plants  as  a  glu- 
codde  (amygdalin),  which  yields,  OB  hydrolysis,  a  carbohydrate,  benz- 
aldchyde,  and  prussic  acid: 

CoHnNOu  -r  2  H,(>  =  2  C«HuO«  +  CH.CHO  +  HCN. 

Afii.vKiJ.'ilui  B»-a»*Wchydo 

This  amygdalin  is  found  in  bitter  almonds,  in  the  fruit  kernels 
of  cherries,  apricots,  peaches,  etc.,  and  in  the  leaves  of  the  common 
laurel  tree  (Prunun  Lauroceraang) . 

Amygdalin  is  usually  accompanied  by  a  ferment,  so  that,  on  macer- 
ating the  parts  of  the  plant  which  contain  the  amygdalin,  an  aqueous 
solution  of  prussic  acid  is  obtained  (bitter-almond  water). 

Preparation.  —  If  ammonia  is  passed  over  glowing  carbon,  ammo- 
nium cyanide  is  formed;  so  that  this  salt,  as  well  as  other  cyanogen 
compounds,  is  found  in  the  "gas-water  "  obtained  by  the  dry  distil- 
lation of  coal. 

Hydrocyanic  acid  may  also  be  prepared  by  adding  acid  to  many 
cyanogen  compounds.  If  yellow  prUBBtfttfl  of  potash  is  treated  with 
dilute  sulfuric  acid  and  distilled,  prussic  acid  is  evolved,  which,  after 
standing  over  solid  calcium  chloride,  may  be  obtained  in  the  anhy- 
drous condition  as  a  colorless,  exceedingly  poisonous  liquid,  smelling 
of  bitter  almonds,  and  boiling  at  26.5°  C. : 

2  K,(Fc(CN),]  +  6  H,SO,  -*  6  KHSO.  +  K,Fe[Fe(CN).)  +  6  HCN. 

The  most  convenient  method  for  preparing  anhydrous  hydrogen 
cyanide*  consists  in  allowing  a  mixture  of  equal  volumes  sulfuric  acid 
and  water  to  drop  upon  sticks  of  98  per  cent  potassium  cyanide. 
Hydrogen  cyanide  is  evolved,  contaminated  with  traces  of  water 
which  can  be  removed  by  allowing  the  liquid  to  stand  over  solid  <  nl 
cium  chloride. 

Properties.  —  Hydrocyanic  acid  gas  burns  with  a  reddish  flame,  and 
mixes  in  all  proportions  with  water,  alcohol,  and  other. 


J.  Wade  and  L.  Pa-vting,  Ptoc.  Ckem.  Soc.,  190,  49  (1897-8). 
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Aqueous  hydrocyanic  acid  cannot  l>e  kept  indefinitely;  a  brown 
deposit  soon  appears,  and  ammonium  formate  is  formed: 

HCN  +  2  HOH  =  HCO.NH*. 

If  a  little  mineral  acid  is  added  to  the  aqueous  solution,  it  may 
be  kept  much  longer;  but,  even  then,  ammonia  and  formic  acid  will 
be  formed  after  a  long  time.  Cold  concentrated  hydroohlorie  acid 
converts  hydrocyanic  acid  into  fnnnamide,  HCN  +  HsO  =  HCONHj, 
but-  on  warming  this  compound  is  decomposed  into  earbon  monoxide 
and  ammonia. 

Hydrocyanic  acid  in  aqueous  solution  is  a  very  poor  conductor  of 
electricity;  in  other  words,  it  is  a  very  weak  acid,  and  is  ionized  only 
to  a  slight  extent.  The  ionization  constant  is  4.7  X  10"10  at  18°. 
In  0.1-normal  solution  it  is  only  0.006  of  1  per  cent  ionized. 

The  salts  of  hydrocyanic  acid,  the  cyanides,  are  very  similar  in 
their  properties  to  th.>  . m responding  halogen  compounds,  but  arc 
distinguished  by  their  ability  to  form  stable  complex  salts,  which 
contain  scarcely  any  cyanogen  ions  in  aqueous  solution,  and  conse- 
quently do  not  give  some  of  the  reactions  for  hydrocyanic  acid. 

Solubility  of  Cynnirles.  — The  cyanides  of  the  alkalies  and  alkaline 
earths  are  readily  soluble  in  water,  but  hydrolysis  (p.  49)  takes  place 
to  a  considerable  extent: 

CN"  4-  H,0  —  OH-  4-  HCN. 

Since  hydrocyanic  acid  is  only  slightly  ionized,  the  aqueous  solu- 
tion of  an  alkali  cyanide  behaves  like  a  solution  of  alkali  hydroxide 
containing  free  prussic  acid;  the  odor  of  the  latter  can  be  easily 
detected.  The  salts  of  hydrocyanic  acid  are  decomposed  by  acids, 
even  by  weak  carbonic  ncid. 

The  remaining  cyanides,  with  the  exception  of  mercuric  cyanide, 
kn  Insoluble  in  water. 

Reactions  in   the  Wet  Way 

1.  Dilute  Sulfuric  Acid  decomposes  solutions  of  all  soluble  cyan- 
ides, with  the  exception  of  BMTOUrfo  > •;,  umlc.  Betting  free  hydrocyanic 

acid  in  the  cold  (recogniznlilc  by  its  odor).    Danger! 

The  Insoluble  cyanides  arc  decomposed  by  dilute  sulfuric  acid  only 
on  warming. 

2.  Concentrated  Sulfuric  Acid  decomposes  all  cyanides  on  warm- 
ing, the  complex  cyanides  as  well  as  the  simple  ones.  The  metals 
are  then  obtained  in  the   form   of  feefd  sulfates,   the  carbon  of  the 
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cyanogen  is  changed  to  carbon  monoxide,  and  the  nitrogen  into  am- 
monium sulfate: 

Ni(CN),  4-  2  HaSO,  +  2  H,0  =  NiSO«  +  (NH«),S04  4-  2  CO  f  . 

With  mercuric  cyanide,  besides  carbon  monoxide,  sulfur  dioxide 
and  carbon  dioxide  are  obtained;  for  mercuric  cyanide  is  decom- 
posed at  the  temperature  of  boiling  sulfuric  acid  into  mercury  and 
Cyanogen  arid  the  former  dissolves  in  tin  hot  sulfuric  acid,  with 
formation  of  mercuric  sulfate  and  evolution  of  sulfur  dioxide: 

Hg(CN),  +  6  H,S04  -*2  NH4HSO<  +  Hg(HS04), 
+  CO  J  +  COa  T  +  SO,  T  +  80,  T  • 

3.  Silver  Nitrate.  —  If  silver  nitrate  is  added  to  a  solution  of  an 
alkali  cyanide  drop  by  drop,  a  precipitate  is  formed  on  the  addition 
of  each  drop,  which,  however,  redissolves  on  stirring  the  liquid,  for 
silver  cyanide  is  soluble  in  an  excess  of  alkali  cyanide: 

CN'+Ag+^AgCN; 
AgCN  +  CN--  [AgCCN),]". 

The  complex  silver  cyanide  ion  is  decomposed  by  further  addition 
of  silver  nitrate,  being  finally  completely  transformed  into  insoluble 
silver  cyanide: 

[Ag(CN)s]--t-Ag+-2AgCN. 

Consequently  the  precipitation  is  complete  only  when  an  excess  of 
silver  nitrate  is  added. 

Silver  cyanide  is  insoluble  in  water  and  dilute  nitric  acid,  perceptibly 
soluble  m  concentrated  nitric  acid,  and  readily  soluble  in  ammonia, 
sodium  thiosulfate,  and  potassium  cyanide  solutions.  Dilute  nitric  acid 
r •  •  i n « -i  i|nt(iU---  silver  cyanide  from  the  solution  in  ammonia  or  potassium 
cyanide. 

Concentrated  hydrochloric  acid  decomposes  silver  cyanide,  on 
wanning,  into  silver  chloride,  with  evolution  of  hydrocyanic  acid 
(difference  from  silver  chloride,  bromide,  or  iodide). 

By  igniting  silver  cyanide,  there  is  formed  cyanogen  gas,  metallic 
silver,  and  browu,  difficultly-volatile  paracyanogen,  which,  on  further 
heating,  is  completely  volatilized,  leaving  behind  pure  ail  mi 

2  AgCN  =2Ag  +  (CN),r 
Much   more  certain  than  the  silver  nitrate  test  are  the  tests  for 
hydrocyanic  acid  which  depend  upon  the  formation  of  Prussian  blue 
or  of  ferric  tiuooyinftta. 

4.  Prussian  Blue  Reaction.  —  Prussian  blue  is  formed  by  the  action 
of  ferric  suit*  upon  potassium  fcrrocyanide  (cf.  p.  159). 

3  [Fe(CN),l~  +  4  Fe^  -  Fe«[Fe(CNU. 
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In  order,  therefore,  to  apply  this  reaction  to  potassium  cyanide,  etc.,  it  is  MOM- 

aary  first  to  transform  the  cyanide  into  potassium  ferrocyanide.    Thin  may  be 

accomplished  by  the  addition  of  a  ferrous  salt,  whereby  ferrous  cyanide  in  first 

formed,  which  dissolves  in  an  excess  of  potassium  cyanide,   forming  polassium 

ferrocyanide: 

(a)  FerH-  +  2CN--.Fe(CN),; 

(&)  Pe(CN),  +  4CN"  -  [Ke(CN),]--. 

Potassium  ferrocyanide  is  formed  even  more  readily  by  the  action  of  potassium 
cyanide  upon  ferrous  hydroxide: 

Fe(OH),  +  2  CN~  -Fe(Cff),  +  2 OH"; 

Fs(CN),  +  4CN"  -  [Fe(CN).]— . 

For  the  formation  of  the  potassium  ferrocyanide  a  little  iron  and  considerable 
potassium  cyanide  arc  required.  Consequently,  In  liriiiK  nbiuit  t In-  reaction,  add 
u  little  ferrous  sulfate  to  the  alkaline  solution  of  an  alkali  cyanide  and  boll  Qm 
mixture.  Then  add  n  little  hydrochloric  acid,  whereby  a  clear  solution  is  obtained, 
which  gives,  with  a  little  ferric  chloride,  the  blue  precipitate.  If  only  traces  of 
hydrocyanic  acid  are  present,  the  solution  appears  green  at  first,  but,  after  standing 
some  time,  "flocks"  of  Prussian  blue  will  be  precipitated. 

The  Prussian  blue  reaction  is  used  for  the  detection  of  nitrogen  in  organic  sub- 
stances (cf,  p.  330). 

Remark.  —  When  only  a  trace  nt  cyanide  is  present,  the  Prussian  blue  seen 
through  yellow  ferric  chloride  appears  green.  If  the  ferric  chloride  solution  i* 
diluted  largely  to  get  rid  of  the  yellow  mlor,  the  iron  is  then  largely  in  colloidal 
solution,  as  a  result  of  the  formation  of  basic  salt  by  hydrolysis;  such  a  solution 
reacts  very  slowly  with  ferrocyanide.  A  more  sensitive  teat  for  traces  of  ferro- 
cyanide is  obtained  by  adding  a  saturated  solution  of  Jerrout  sulfate.  Such  a  solu- 
tion always  contains  enough  fanio  lOM  to  give  the  Prussian  blue  t«*t  with  a  trace 
Of  ferrocyanide  ions.  When  more  than  n  trace  of  fern  icy  amde  is  pnweut,  how- 
ever, it  is  best  to  test  with  ferric  chloride  solution  as  outlined  above. 

5.  The  Ferric  Thic-cyanate  Reaction.  —  Potassium  thiocyanate  pro- 
duct* a  red  coloration  with  a  ferric  salt,  owing  to  the  formation  of 
slightly  ionised  ferric  thiocyanate  (cf.  p.  158): 

3  CNS~  -f-  fv"4  -»  Pe(CNS),, 

The  cyanide,  therefore,  must  l>e  changed  to  thiocyanate  in  order 
to  apply  this  reaction,  which  can  be  done  by  heating  with  sulfur, 

KCN  +  S  -  KCNS, 

or,  better,  by  treatment  with  an  alkaline  polysulfide, 

KCN  +  (NH«)A  =  (NH,),S  +  KCNS. 

To  the  concentrated  solution  of  the  cyanide  (in  a  porcelain  dish}  add  a  little 
yellow  amim 'mum  sulfide  and  evaporate  the  mixture  to  dryness  on  the  water-bath. 
Add  a  little  hydrochloric  acid  and  a  drop  of  ferric  chloride  solution:  the  eharae- 
teristie  blood-red  coloration  will  lie  produced  if  only  trace*  of  cyanide  are  present 

It  is  neeessury  to  acidify  in  order  to  destroy  the  (NII,)»S.  which  would  preeipii  fttt 
black  Fe»S»  with  Fe('la  and  the  red  coloration  would  not  appear. 
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6.  Mercurous   Nitrate   produces   a   axuy   precipitate  of  nietullic 
ury  when  added   !•>  a  solution  of  an  alkali  cyanide  (difference 

from  a  chloride,  bromide,  or  iodide): 

Hfc'  •  +  2 CN"—  Hg(CN)4  +  Hg. 

7.  Sodium  Nitroprusside  Reaction.  —  If  a  solution  of  hydrocyanic 
aciil  or  of  an  alkali  cyanide  is  treated  with  a  few  drops  of  alkali  nitrite 
.solution  and  then  with  two  or  three  drops  of  ferric  chloride  and  just 
enough  v  i\  dilute  sulfuric  acid  to  change  the  color  of  the  ferric  salt 
that  forme  from  brown  to  light  yellow,  then  upon  heating  to  the  boiling 
point,  cooling  and  adding  enough  ammonia  to  precipitate  the  excess  of 
ferric  ion,  a  filtrate  is  obtained  which  will  give  a  violet  coloration  with 
a  few  drops  of  hydrogen  sulfide  water.  The  reaction  depends  upon 
the  formation  of  thfl  nitroprusside  ion  [Fe(CN)»N()j~~  which  gives  a 
reddish-violet  color  with  sulfide  ions. 

8.  Blue  Starch-Iodide  Solution  is  doooloriced  by  «  trace  of  alkali 
cyanide  anil  :i  little  BfUiftlrfo  acid:  the  iodine  unites  with  the  hydro- 
cyanic acid  to  form  cyanogen  iodide  and  hydriodic  acid, 

HON  -t-Ij-^CNI  +  HI. 

The  reaction  is  very  sensitive  but  many  other  substances  decolorize 
blue  iodide  of  starch. 

Behavior  of  Mercuric   Cyanide 

Mercuric  cyanide,  HgfCN  d,  ■  I  BOP  tht'faoh  '••.  «  quite  soluble  in  water,  alcohol 
mid    'ilicr,  ami  behaves  quite  •litlvi-nih  fioru  all  utlicr  cyanides.     All  the  nbuve- 

DMBtbn We  Otto  til,  with  the  exception  of  the  ferric  tin.  •■■■.  •nuiie  test,  fail  with  t.hi» 

compound.     Mir.iiric  cyanide  notation  gives  no  precipitate  with  m1v<t  nitrate,  but 
a  mulily  soluble  double  salt  i«  funned, 

BgQTJM  ;A(f\0,.2I!30. 

'fly  there  i*  n<>  precipitate  fonticd  trl  i,  iK>tiu«ium  iodide,  alkali 

hydroxide,  or  alkali  cm  I  Minute  because  nil  tlNM  reu^cni.-  kivc,  under  ordinary  oon- 
iliti.m-,  |.r. -.i pit :it--i  r»f  mercuric  compound*  which  «rc  •cJublvin  potamiuro  cyanide. 
Thus,  for  example,  mercuric  oxide  dissolves  easily  in  potassium  cyanide: 
HgO  +  2  KCX  +  H.O  -  2  K<  >li  -  Hg(CN),. 

litnodo  oxide  itself  w  fairly  soluble  in  mercuric  cvanidc: 

*^"~=<:::™ 

1  Iy<Ir<jttiI<>rio,  byilri.hr. .um-  and  hydriodio  Mid  decompose  mercuric  cyanide 
readily,  tiut  dilute  sulfurio  eeid  alone  hnn  little  action  upon  it.  In  the  presence  of  a 
soluble  chloride,  however,  mercuric  cyanide  II  decomposed  easily  by  sulfuric  add,  nr 
even  la  uxnlic  :i.-nl  or  l:i:  I  leforr.  a  Xillltion  til  cyanide- JB 

I  v.  uli  common  wilt  and  dilute  -.ulfiino,  oxalic  or  tnl  irn-  taii  fl  SUb- 

mixture  to  distillation,  a  distillate  is  obtuined  containing  liydrncyanic 
acid,  and  |riv«s  nil  the  teste  characteristic  of  thin  acid. 
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Mercuric  cyanide  in  notation  is  acted  upon  by  hydrogen  sulfide  or  by  alkali 
sulfide*,  furmiiiK  mercuric  sulfide  and  hydrocyanic  .i<-i.i.  or  one  of  its  salt*.  If  the 
black  precipitate  is  removed  by  filtration,  tin-  frrric  thiocyanate  react  ion  i  nliiuin-'d 
Willi. ml  dilliculty. 

Hfe(CN),  +  H.S  -  HgS  +  2  HCN. 

Behavior  oj  Cyanide*  on  Ignilion 

The  cyanides  of  the  alkali  c*  unci  alkaline  earths  fuse  without  dWMBPMWflB 
when  heated  out  of  contact  with  the  oir;  heated  in  contact  with  air,  they  alworo 
oxygen  with  avidity,  forming  cyaaatee: 

2  KCN  +  O.  =  2  KCN'O. 

Consequently  the  alkali  cyanides  are  strong  reducing  agents  (r.f.  p.  277). 
Tin-  cyanides  of  the  bivalent  heavy  metals  are  deoompoaed  on  ignition,  out  of 
contact  with  the  air,  into  nitrogen  and  metallic  carbide;  the  latter  often  being 
further  decomposed  into  metal  and  carbon: 

3  Pe(CN),  =  Fe,C  +  C  +  2  (CN>,  T  +  Ni  T . 
Pb(CN),  =  Pb+2C  +  N,T- 

Tim  eyanideB  of  the  trivalent  metala  are  unknown  in  the  free  state;  those  of 
the  noble  metals  are  decomposed,  by  igniting,  into  metal  and  dicyanogen: 
2AgCN«2Ag  +  (CN),f, 
Hg(CN),  =  Hg  +  (CN),  T  . 

It  ia  a  characteristic  property  of  the  cyanides  of  the  heavy  niirtnln  that  they  are 
readily  notable  in  alkali  cyanide  solutions,  forming  very  stable  comply  i  MnpoODclB, 
which  axe  to  be  regarded  as  salts  of  the  following  acids: 

IIUt'i.CNi,],    HilBn<ON),],    H.lIf'CCNjJ    and    H4R"(C.\- .]. 

The  first  two  of  the  above  acids  are  so  unstable  that  they  are  decomposed,  M 
noon  as  they  are  set  free,  into  hydrocyanic!  acid  and  cyanide: 
IllR(CN)i|  ■=  HCN  +  HCN; 
1I,!R(CN),]  -  2  HCN  4-  R(CN),. 

Consequently  all  cyanides  which  arc  derived  from  these  acids  evolve  hydrocyanic 
ii  ni  when  treated  with  dilute  hydrochloric  or  sulfuric  acid  in  tbo  cold.  Such  com- 
pounds are: 

K[AB(CN)I,,  K(Au(CN)],,  K,[Ni(CN),l,  K^ZnfCN),],  K,|Cd(CN)«],  etc. 

Thine  salt*  must  be  regarded  as  complex  compounds  (p.  24),  for  their  aqueous 
solutions  contain  almost  no  heavy  metal  ions;  they  are  not  precipitated  by  cawtic 
.ill: 'ili,  alkali  carbonate,  or  ammonia.  From  this  fact  it  follows  thut  the  oxiiftm  of 
these  metals  arc  soluble  in  cyanides  of  the  alkalies,  forming  the  following  compl.  i 
aolts: 

AgiO-r-  4CN-+  IIiO  -20H"4-  2  [Ag(CN),r; 

NIC    •   H'.\    +H.t)-20ir+[N,<(N1.J~; 

ZnO  +  4  ON-  4-  II.O  -ia.Ott*-+  (Zn(CN),]— ; 

CdO  +  4CN-+  HrO  -»20H~  4-  |Cd<CX),[— . 

Hydrogen  sulfide  dacorapoMi  the  silwr  lad  nidiniuni  «ull*  without  difficulty, 
the  sine  salt  slightly,  and  toe  nieksiaalt  n<u  si  nil. 
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The  acids  of  the  general  formula  ltJRu,(CN).l  and  H.[RU(CN)J  arc,  in 
trawl  wiih  the  above  acids,  quite  stable  in  the  free  state,  and  can  be  usually  obtained, 
without  tin-  km  tt  lo  d(0<  i  mie  acid,  by  acidifying  a  solution  of  one  of  their  salts 
with  cold  dilute  mineral  acid;  but,  on  warming  the  acid  solution,  hydrocyanic 
acid  is  given  off. 

As  typical  representatives  of  these   acids  we  have   ferrocyonic,   fcrricyonic  and 
cobalticyanio  acids.* 

Perrocyanic  and  fcrricyanic  acids  will  \w.  discussed  separately;  but  before  doing 
so  a  brief  description  will  bo  given  of 


DlCYANOGEN 

This  compound  is  obtained  by  heating  the  cyanides  of  the  noble  raetala,  aa  a  color- 
l«w  gus  with  u  disagreeable  odor:  it  barns  with  :i  reddish  flume,  and  is  soluble  in 
water  (25  purls  water  dissolve  100  parts  of  dicyauoKcnl.  The  aqueous  solution  cannot 
be  kept  very  long.  a*  brownish  "flocks"  separate  out  little  by  little  (oxulmic  acid, 
CtHiNfO)  and  the  solution  then  contains  unitnoniiitii  cyanide,  ammonium  carbo- 
nate, ammonium  oxalate,  and  urea. 

Just  aa  chlorine  act*  upon  caustic  alkalies,  forming  chloride  and  hypochlorite,  so 
dicyanogen  reacts  with  them,  forming  a  cyanide  and  a  cyonatc: 
CI,  +  8  KOH  =  KC1  +  1I,()  +  KOC1; 
(CN),+3KOH  -  KCN  +  H,<>  +  KOCN. 

On  conducting  hydrogen  sulfide  into  a  solution  of  di<  v:inogcn,  a  red,  crystalline 
precipitate  of  hydrorubianic  acid  is  obtained:  (CN)t  +  2  H»S  =  (CSNHi),.  Cf.  p. 
232. 

Itftfi-tiim    of  Nitrogen   in   Organic   Suh.ita.nT*.      (Ijixxni/ini:) 

If  a  little  nitrogenous,  organic  substance  is  placed  with  mime  metallic  sodium 
in  a  small  glass  tul*  which  is  closed  at  one  end,  mid  the  tube  is  heated  till  the  glass 
logins  to  soften,  then  the  nitrogen  uud  some  of  the  carbon  of  the  organic  .-iili>i-iin-o 
v.  ill  coral  'iiic  with  sodium  to  form  sodium  cyanide.  After  hunting  for  two  minutes, 
plunge  the  hut  etui  of  the  gins*  tube  in  a  little  water,  whereby  the  gl 
the  eWlttWrtl  of  the  tube  an?  immediately  wet  by  ■•tar.  Kilter  ofT  the  alkaline 
solution  ii iriiainiiiK  the  sodium  cyanide  from  the  residual  carbon  and  glass  splinter*, 
add  a  little  ferrous  sulfate  solution' and  boil.  Finally  add  a  few  drops  of  ferric 
chloride  solution  and  enough  hydrochloric  acid  to  neutralize  the  alkali.  If  nitrogen 
was  present  in  the  original  substance.  Prussian  blue  is  now  obtained. 

Remark. — Certain  nitrogenous  substances  are  decomposed  with  evolution  of 
nitrogen  before  the  temperature  reqwred  for  the  cyanide  formation  is  reached,! 
and  thus  the  nitrogen  escapes  the  Lansaignv  reaction;  in  other  cases  the  experi- 
ment fmltMin  account  nf  the  tSttonu  vul.itilitv  of  the  organic  substance.*. 

According  to  E.  A-  Kchrcr,J  the  Lowuiigne  WiflflOB  give*  positive  result*  in  all 
ca*c*  if  the  sodium  is  first  hented  by  itself  and  then  brought  in  contact  with  the 
vapors  of  the  organic  material.    The  experiment  is  carried  out  in  a  small  tube. 


*  Cobsltocyanic  acid  is  extremely  unstable,  like  mangano-  ami  uiniigaiiicyanie 
adds.    IU  salts  evolve  HCN  when  treated  with  cold,  dilute,  mineral  scads. 
f  Craub,  Ber.,  17,  1178  (1SS4). 
t  Feist.  Ber.,  36,  1559  (1902). 
S  J¥er.,  36.  2523  (1902). 
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drawn  out  at  the  cloned  end,  such  a*  used  fa  the  nmfc  tCX  id-  i''ig.  Ul,  p.  250). 
Place  the  subfltance  Ln  the  restricted  part  of  the  lulicnnd  then,  in  the  wider  part. 
jii-i  before  the  rewtriction  is  reached,  introduce  a  small  piece  of  -odium  ivlnch  bu 
been  rolled  between  ihf  fingers  nnd  freed  from  petroleum  by  touching  it  to  filter 
paper.  Heal  the  sodium  until  it  glows  and  then,  by  ITHHITg  of  snot  her  ,&mull  flame, 
BMl  '  b  iibelAncc  to  be  tested  ao  that  it  incite  and  the  vapors  just  rise  up  to  the 
glowing  sodium  but  hardly  reach  through  it.  By  taking  away  the  small  flame,  the 
vapors  can  lie  made  to  condense  mid  be  driven  toward  the  glowing  sodium  ugaui. 
i  't lnTwi.HC.  earry  out.  tin:  test  exactly  as  dcM-nlied  mImivc. 

For  the  detection  of  Iracet  of  nitrogen  it.  in  In'st  not  to  add  any  ferric  chloride,  but 
to  add  a  saturated  solution  of  ferrous  nulfnte,  after  adding  the  acid  (cf.  p.  333). 

Ifetee.lioti   of  Hydrocyanic   Acid  in    ihr    "rvtu-ncr   tif  Halogen    Acid, 

Ferrocyanic,  Fvrricyanic  and  Thioeyanic  Acids 

llvdi-"H-y:mic  ncid  is  by  far  the  weakest  of  .'dl  the  hIhivi-  acids  (cf.  p.  10)  and  it 
alone  is  expelled  from  it*  salts  by  means  of  carbonic,  acid  at  the  temperature  of 
boiling  water. 

Place  the  solution  to  be  touted  in  a  small  Erlenmeyer  Mask,  add  0.6  to  1  gin,  of 

NallCOi  and  close  tin"  Hunk    Wit  ll    n    two-hole   i>  it  >l » -t    -I .  .pj  ht        In.-eil    ttiroilgli   one 

of  the  holes  in  the  stopper  n  pieee  of  glass  tubing  that  reiiehe.s  nearly  t<>  the  hut  torn 
of  the  flask  nnd  serves  for  the  introduction  of  the  carbon  dioxide  gaa;  thnuigh  the 
other  hull-  InMrt  a  plage  of  tubing  that  rendies,  only  to  ihc  bottom  of  the  mlilicr 
«top|K-r  and  serves  for  the  escape  of  the  gas.  I 'ass  cirbon  dioxide  go*  (ef.  p.  3281, 
through  the  liquid  in  the  flask,  gradually  heat  to  boiling  and  conduct  the  escaping 
vapors  into  silver  nitrate  solution  which  hns  Ixvn  Hcidiried  with  nitric  aeul 

If  cyanide  is  present  in  tin-  original  solution,  a  white  precipitate  of  silver  cyanide 
is  formed  in  i lir  silver  nitrate  solution  within  a  short  time.  To  confirm  the  teat, 
decant  off  the  solution  from  the  precipitate  and  wash  it  n  few  times  by  denudation 
with  water.  Cover  the  precipitate  with  n  lit  t if  yellow  ammonium  sulfide,  warm, 
.mil  til  tor.  Evaporate  the  filtrate  to  a  small  volume  and  treat  with  -.<  little  hydro- 
chloric acid  and  a  few  drops  of  ferric  chloride  solution.  A  red  color,  due  to  ferric 
thiocyanate,  proves  the  presence  of  cyanide. 


Perrocyanic  Acid,  H.lFeCCN),] 

Ferrocyanic  acid  is  a  white,  solid  substauce,  which  is  readily  solu- 
ble in  water  and  in  alcohol;  the  solution  is  strongly  acid  and  soon 
becomes  blue  on  exposure  to  air.  The  salts  of  this  acid  arc  much 
more  stable  than  the  acid  itself,  being  all  prepared  from  the  potassium 
salt,  the  so-called  yellow  prussiale  of  potash.  This  potassium  salt,  the 
most,  important  ferroeyanide  of  commerce,  is  obtained  by  the  fusion 
of  organic  substances  containing  nitrogen  and  sulfur  (blood,  etc.)  with 
potash  and  metallic  iron,  and  by  lixiviating  the  product  of  the  fusion 
with  water. 

In  the  melt,  iron  sulfide  and  potassium  cyanide  are  found,  which, 
on  treatment  with  water,  arc  changed  to  potassium  ferroeyanide  and 
potassium  sulfide, 

FeS  +  6  KCN  =  K,|Fe(CN)(|  +  K,S, 

and,  on  evaporating  the  solution,  the  former  salt  separates  out  (with 
three  molecules  of  water  of  crystallization)  in  the  form  of  large,  yellow, 
tetragonal  octahedrons. 

Recently  this  salt  has  been  obtained  as  a  by-product  in  the  manu- 
facture of  illuminating-gas,  Prussian  blue  and  ammonium  thiueyan- 
ate  being  formed  during  the  purification  of  the  gas. 

The  following  equations  will  give  some  idea  of  the  formation  of 
potassium  ferroeyanide  in  the  gas-house: 

1.  FcvCWu  +  eCaWH),  =  4Fe(OH),-|-3Ca8[Fe(CN).); 

2.  Ca3[Fe(CN)a]  -I-  2  KC1 


3.    K,Ca(Fe(C\i, 


K2Cfl[Fe(CN)„I  +  CaCt; 

V«ry  diffloultly  «oluliU 

+  KjCO,  =  CaCO,  +  K.[Fe(CN),]. 


Solubility  of  Ferrocyanides.  —  The  ferrocyanides  of  the  alkalies  and 
alkaline  earths  are  soluble  in  water;  but  the  remaining  salts  dissolve 
with  difficulty  (if  at  all)  in  water  and  in  cold  dilute  acids. 


Reactions  in  the  Wet   Way 

1.  Dilute  Sulfuric  Acid.  —  The  ferrocyanides  are  not  decomposed 
by  cold  sulfuric  acid,  but  break  up  at  the  boiling  temperature  with 
evolution  of  hydrocyanic  acid: 

2  K4Fc(CN),l  +  6  H,SO«  -*  K,Fe|Fe(  CN).]  +  6  KHSO,  +  6  HCN  ]  . 
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2.  Concentrated  Sulfuric  Acid  decomposes  ferroeyanides  com- 
pletely, on  warming,  with  evolution  of  carbon  monoxide,  which  bum* 
with  a  blue  flame: 

K,[Fc(CN)8]+llH2SOl+6HlO=FeS04+4KHSO«+6NH,H80«+6COt. 

SO,  is  also  liberated  by  this  reaction,  as  a  part  of  the  ferrous  sulfate  is  oxidised  by 

the  sulfuric  acid  to  ferric  sulfate: 

2  FeSO,  -f  2  SO,.—  F«v(SOd»  +  SO,  T  . 

3.  Silver  Nitrate  produces  a  white  precipitate  of  silver  ferrocyanide 

(Fe(CN),]-  +  4  Ag+  -  Ag,[Fe(CN),}, 

insoluble  in  dilute  nitric  acid  and  ammonia,  but  soluble  in  potassium 
cyanide  solution.  On  1  mm  I  merit  with  concentrated  nitric  acid,  it  ia 
changed  to  orange  silver  ferriryanide,  and  is  then  soluble  in  ammonia. 

4.  Barium  Chloride  gives  no  precipitation. 

5.  Ferric  Salts  produce  a  precipitate  of  Prussian  blue  in  neutral  or 
acid  solutions  (ef.  p.  159). 

6.  Ferrous  Salts  yield  a  light  blue  precipitnte,  which  changes  to  a 
darker  blue  on  ex  posture  to  the  air  (cf.  p.  IBS). 

7.  Cupric  and  Uranyl  Salts  produce  brown  precipitates. 

To  detect  ferrotyanic  acid  in  an  insoluble  fcrrocvaniuV.  boil  the  latter  with 
caustic  alkali  solution;  metullii  hydraddl  md  a  ferrocyanide  will  he  formed.     Thus, 
Prussian  Hue  yields*  insoluble  ferric  hydroxide  and  a  soluble  ferrocyanide: 
Fe,|Fe(CN),h  +  12011"  —  4Fe(OH),  +  3  [Fc(CN),j— . 

Filter  off  thr  insoluble  hydroxide,  add  dilute  hydrochloric  m-id  to  the  filtrate 
and  treat  with  ferric  chloride,  Prussian  blue  is  again  formed  if  a  ferrocyanide  ia 
prtwni 

Prussian  blue  ia  often  used  in  waU-pu|ierr>  as  a  pigment  If  it  is  desired  to  detect 
the  prenenee  of  this  compound  in  a  wiill-|iii|KT,  eiit  about  HM)  si|.rai  of  the  paper 
into  small  pieces,  boil  them  with  caustic  potash  solution,  filter,  and  treat  the  filtrate 
accoTilinic  to  the  method  ju.it.  described.  In  a  few  hour*  n  distinct  blue  precipitate 
of  Prussian  blue  will  be  visible  in  the  Imttom  of  the  test-tube,  if  it  km  originally 
present. 

Some  insoluble  firrory.nnides  do  not  yield  the  hydroxide  of  the  metal  on  tom> 
merit  with  caustic  alkali.  TIium  the  brown  uranyl  fcrrocyaiiiiic  ■>.  i  ■  - 1 . 1  -  bmhlbk 
yellow  potifllim  uranate  anil  Mlubk  fKitasKJuin  ferrocyanide  (cf.  p.  KM). 

Insoluble  line  ferrocyanide  ia  completely  soluble  in  caustic  alkali,  funning  an 
alkali  zincatc  and  soluble  ferrocyanide: 

Zn,|Fe(CN),|  +  80H~  —  lFc(CN),r"  +  2ZnO,_  +  4  HA 

In  order  to  separate  the  «ine  from  the  ferrocyanide,  pas*  carbon  dioxide  gaa  into 
tin-  wilutinn.  l«iil.  mid  filter  off  the  insoluhle  line  carbonate  The  filtrate  then 
contains  potassium  fcrrocvimidc,  which  BtB  be  detected  as  described  above. 

8.  Lead  Salts  precipitate  white  lead  ferrocyanide  insoluble  in 
dilute  nitric  acid, 
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9.  Thorium  Nitrate  added  to  a  slightly  acid  solution  of  an  alkali 
ferrocyanide  produces  a  white  precipitate,  difficult  to  filter  (difference 
from  ferricyanic  and  thiocyanic  acids). 

10.  If  a  solution  of  potassium  ferrocyanide,  which  is  not  too  dilute, 
is  treated  with  hydrochloric  acid,  the  addition  of  ether  causes  the 
separation  of  solid  ferricyanic  acid  at  the  zone  of  contact  of  the  ether 
and  aqueous  solution. 

11.  Alkali  ferrocyanides  are  not  decomposed  in  cold,  aqueous  solu- 
tions by  carbon  dioxide  but  decomposition  takes  place  if  carbon 
dioxide  is  passed  into  a  hot  solution.  Solutions  of  ferrocyanides  made 
alkaline  with  sodium  carbonate  give  no  hydrocyanic  acid  when  dis- 
tilled in  a  stream  of  carbon  dioxide;  the  same  is  true  if  sodium  bicar- 
bonate is  used  instead  of  sodium  carbonate  in  this  test. 

Behavior  of  Ferrocyanides  on  ignition 

On  being  ignited,  the  ferrocyanides  yield  iron  carbide,  cyanide, 
cyanogen  and  nitrogen: 

3  K«[Fe(CN),]  =  12  KCN  +  Fe,C  +  C  +  2  (CN),  T  +Nt  T 

3  Ag4[Fe(CN)6]  =  12  Ag  +  Fe,C  +  C  +  8  (CN),  f  +  N.  f  • 


FERRICYANIC  ACID,  H,[Fe(CN)»] 

Ferricyanic  acid  forms  brown  needles,  readily  soluble  in  water.  Its 
silt?,  I  lie  ferrieyanides,  are  very  stable,  and  are  obtained  by  oxidation 
of  the  corresponding  forrocyanides.  The  most  important  of  all  these 
salts,  potassium  ferrieyanide  (red  prussiate  of  potash),  K»[Fe(CN)«], 
is  obtained  by  the  oxidation  of  potassium  ferrocyunide  with  chlorine: 

2  K4(Fe(CN)«J  +  CI*  =  2  KC1  +  2  K»[Fe(CN),]. 

Bromine,  hydrogen  peroxide,  etc.,  may  be  used  instead  of  chloric  . 

Sul utility  of  Ferrieyanides.  —  The  ferrieyanides  of  the  alkalies  and 
alkaline  earths,  and  the  ferric  salt  of  ferricyanic  acid,  are  soluble  in 
water,  but  the  remaining  salts  are  insoluble  even  in  dilute  acids. 

Reactions  in  the  Wet   Way 

1.  Dilute  Sulfuric  Acid  evolves  no  hydrocyanic  acid  in  the  cold 
(difference  from  cyanides),  but  does  so  on  warming  with  the  acid. 

2.  Concentrated  Sulfuric  Acid  decomposes  all  ferrieyanides,  on 
warming,  with  the  formation  of  sulfates  and  carbon  monoxide: 

K,[Fe(CN),|  +  11  H«S04  -f  6H,0  = 
-  FeH(S04),  +  3  KHS04  +  6  NH4HSO,  4-  G  CO  | . 

3.  Silver  Nitrate  produces  orange  silver  ferrieyanide: 

[Fe(CN).]—  •MAS*-*  Ag,[Fe(CN),], 

soluble  in  ammonia,  but  insoluble  in  nitric  acid. 

4.  Barium  Chloride  glvw  no  precipitation. 

5.  Ferrous  Salts  produce,  in  neutral  and  acid  solutions,  a  precipi- 
tate of  Turnbull'a  blue  fcf.  p.  155). 

6.  Ferric  Salts  produce  no  precipitation,  but  a  brown  coloration. 

7.  Cupric  Salts  yield  green  cupric  ferrieyanide: 

2  [Fe(CN),)-  "  "  +  3  Cu++  -  Cu.rFeCCN),],. 

8.  Behavior  of  Ferrieyanides  in  Alkaline  Solutions.  —  Ferricyanic 
acid  is  a  strong  oxidizing  agent  in  alkaline  solutions,  l>eing  readily 
reduced  to  fenwynnie  acid  by  sulfide,  iodide,  sulfite,  ferrous  hydroxide 
manganous  hydroxide,  lead  oxide,  hydrogen  peroxide,  starch,  cellulose 
(paper),  etc.;  e.g.: 
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2  [FoCCNkl—  +  S"  —  2  [Fe(CN),]--  +  S; 
2  [Fo(CN}.)-"  +  2  I"  -  2  [Fe(CN).J—  +  I,; 
2[F«(CNW"-  +SO|--  -t-2  0U--.2[Fe(CN;,|"  +  80«"  +  H*0; 
2  [Po(CN).|—  +  PbO  +  2 OH"  -2  [Fe(CN),]--  -f  PbO,  +  11,0; 
|Fe(CN)«r"  +  Fe(OH),  +  OH"  -  [I'e(CN),l~  +  FefOHi,; 
2[F»(ON\}—  +  H.O,  +2  0H--.2[Fe(CN).l—  +  2  11,0  +0,]. 
Thi1  ferricvanides  are  even  reduced  by  ammonia,  forming  nitroRen: 

6[Fe(CN),]-—  +  8NH,-6[Fe(CN),]--  +N«f +6NH.+. 

On  account  of  this  n.  I  liability  of  fcrricyanic  acid,  it  is  often  diffi- 
cult, sometimes  impossible,  to  detect  its  presence,  particularly  in  an 
insoluble  compound.  If  Turnbull's  blue  is  boiled  with  caustic  potush, 
the  residue  will  consist  of  a  mixture  of  ferrous  and  ferric  hydroxides, 
and  the  solution  will  contain  potassium  ferrocyanide.    See  p.  155. 

The  behavior  of  cyanides  toward  suspended,  yellow  mercuric  oxide 
is  very  important.  Almost  all  cyanides,  simple  or  complex,  with  the 
exception  of  potassium  cobalticyanide,  are  completely  decomposed 
by  this  reagent.  Mercuric  cyanide?  and  an  oxide  of  the  other  metal 
are  formed,  and  the  latter,  if  insoluble,  may  bo  separated  from  the 
mercuric  cyanide  by  filtration.  Thus  potassium  ferrocyanide  is  de- 
composed by  mercuric  oxide  as  follows: 

jqFe(CN),)  4-  3  HgO  +  3  H,C)  =  Fe(OH),  +  4  KOH  +  3  Hg<CN),. 

Prussian  blur  as  follows: 

Fe^[Fe(CN),J,+  9HgO  +  9H2()  =  3Fe(OH)!  +  4Fe(OH)i+9HK(CN),. 

This  decomposition  of  the  cyanides  by  mercuric  oxide  is  often  used 
in  quantitative  analysis  for  the  separation  of  metullic  cyanides. 

9.  Hydrogen  Sulfide  reduces  alkali  ferricyanide  to  alkali  ferrocyanide 

2  [Fc(CN),]-—  +  H,S  -  2  (Fe(CN).l"  +  2  H+  +  S. 

10.  The  aqueous  solutions  of  ferricyanides  react  with  boiling  water 
and  with  carbon  dioxide  and  alkali  carlxmate  in  the  same  manner  as 
ferricyanides. 

Iteltatior  of  Ferricy-tinitteit  an  Ignition 

The  ferricyanides  are  decomposed  into  iron  carbide,  cyanide, 
dicyanogen,  and  nitrogen: 

6  X,lFo(CN).|  =  18  KCN  +  2  FftC  +  10  C  +  3  (CN),  -f-  6  N* 

By  heating  a  ferricyanide  in  a  closed  tube,  dicyanogen  is  given  off, 
which  burns  with  a  reddish  flame. 

11.  Manganous  Chloride.  —  A  saturated  solution  of  MnClj  in  con- 
centrated hydrochloric  acid  gives  a  brownish  black  coloration  owing 
to  the  formation  of  MnClj.    0d  p.  491. 


Thjocyanic  acid,  hcns 

Thiocyanic  acid  is  found  in  small  amounts,  in  the  form  of  its  sodium 
salt,  in  saliva  and  urine. 

The  free  acid  is  a  colorless,  unstable  liquid,  with  a  penetrating  odor. 
It  freezes  at  5°  and  boila  at  85°.  It  is  soluble  in  water  and  in  alcohol. 
Tin;  aqueous  solutions  arc  about  us  strongly  acidic  as  hydrochloric 
acid,  the  ionization  being  nearly  complete  in  dilute  solutions.  It  can 
1)0  kept  In-tti  i  in  aqueous  solution  than  in  the  anhydrous  state,  but 
;i  .-.ill  the  thioeynnates,  arc  much  more  stable  than  (lie  arid  itself. 
The  alkali  salts  can  be  prepared  from  the  corresponding  cyanides  by 
heating  with  sulfur: 

KCN  +  S  =  KCNS. 

They  may  also  be  prepared  by  treating  hydrocyanic  acid  or  an 
alkali  cyanide  with  an  alkali  polysulfidc  at  ordinary  temperatures, 
KCN  +  (NH«),S,  =  (NH«),S  +  KCNS, 

or  by  boiling  an  alkali  thiosulfatc  solution   with  an  alkali  cyanide 

(cf.  p.  416): 

Na,S,0,  +  KCN  =  Na,SOi  +  KCNS. 

The  easiest  way  to  prepare  ammonium  thiocyanate  is  to  allow  a 
mixture  of  80  Oft  concent  rated    i m niontiiTii  hydroxide,  30  cc.  alcohol 
and  7  oe.  carbon  disulfide,  to  evaporate  very  slowly  on  the  water  bath. 
First  of  all,  ammonium  thiocarbamate  is  formed 
CS,  +  2  NH,  =  Nr^CSjNH,, 
and  during  the  evaporation  this  loses  hydrogen  sulfide: 
NHASNH,  -  NH«CNS  -f-  H,S  \  . 

Solubility.  —  Most  thiocyanates  are  soluble  in  water;  exceptions 
are  the  silver,  mercury,  copper,  and  gold  salts.  Loud  thiocyanate  is 
difficultly  soluble  in  water;  on  boiling  with  water  it  is  decomposed. 

Reactions  in  the  Wet  Way 

1.  Dilute  Sulfuric  Add  (double  normal)  causes  no  reaction. 

2.  Moderately  Concentrated  Sulfuric  Acid  (14-normal)  decom- 
poses tin-  thiocyanates,  with  evolution  of  ciu'Linyl  sulfide,  which  burns 
with  a  blue  flame: 

KCNS  +  2  H,SO,  +  11,0  =  KHSO,  +  (NH4)HS0«  +  COS  ]  . 
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3.  Concentrated  Sulfuric  Acid  violently  decomposes  thiocyanates, 
wit li  evolution  of  very  disagreeably  suiL'lliiiK  vapors  (COS,  HCOOH, 
CO2,  SOj),  and  deposition  of  sulfur. 

4.  Silver  Nitrate  precipitates  white,  curdy,  silver  thiocyanate, 

CNS-  +  Ag+-»AgCNS, 

insoluble  in  dilute  nitric  acid,  soluble  in  ammonia. 

5.  Ferric  Salts  produce  a  blood-rod  coloration,  due  to  the  forma- 
tion of  non-ionized  ferric  thiocyanate, 

3CNS-  +  Fe**+-»  Fe(CNS)3l 

very  soluble  in  ether  (of.  p.  158). 

6.  Mercuric  Nitrate  precipitates  white  mercuric  thiocyanato, 

Hg^  +  2  CN8-  4-  Hg(CNS),, 

very  difficultly  soluble  in  water,  but  readily  soluble  in  an  excess  of 
potassium  thiocyanate: 

Hg(CNS),  +  CNS"  -  [Hg(CNS),]- 

If  dry  K(Hg(CNS),]  b  heated,  the  salt  expands  greatly  (Pharaohs 
serpents). 

7.  Mercuric  Chloride  gives  a  precipitate  only  after  long  standing. 

8.  Mercurous  Nitrate  produces  a  gray  to  black  precipitate.  On 
adding  mereiirous  nitrate  drop  by  drop  to  a  fairly  concentrated  solu- 
tion of  potassium  thiocyanate,  a  gray  precipitate  of  metallic  mercury 
is  first  obtained,  arid  the  solution  contains  potassium  mercuric  thio- 
i 

H&«-  +  3  CNS"  -  [Hg(CNS),r  +  Hg. 

If  the  addition  of  mercurous  nitrate  is  continued  until  no  more  mer- 
cury is  precipitated,  and  the  solution  then  filtered,  the  filtrate  will 
contain  potassium  mercuric  thio.  yinatc:    but.  on  adding  still  more 

nicn-urous  nitrate    pun   white,  memurous  thiocyanate  is  precipitated: 

2  [  HgfCNS),]"  +  3  Hft-H-  -+  2  Hg++  +  3  Hg3(CNS)1. 

If,  nn  the  other  band,  I  very  dilute  solution  of  potassium  thio- 
cyanate is  added  to  a  very  dilute  solution  of  mercurous  nitrate,  the 
white  precipitate  of  mercurous  thiocyanate  is  obtained  directly: 

Hfy++  +  2  CNS"  -»  Hg»(CNS)j. 

9.  Cupric  Salts.  —  On  adding  a  few  drops  of  a  solution  containing 
a  cupric  salt  to  one  of  an  alkali  thiocyanate,  the  solution  is  colored 
emerald-green;  and,  on  further  addition  of  the  copper  solution,  black 
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cupric  thiocynnate  Is  precipitated.     If  sulfurous  acid  is  added,  white 
cuprous  thiocyanate  is  deposited, 

2  Cu^  -f  SO,-  -+  2  CNS"  +  H,0  —  Cu2(CNS),  -f  2  H+  -f  S04"  ", 

insoluble  in  dilute  hydrochloric  and  sulfuric  acids. 

10.  Cobalt  Salts.  —  If  a  solution  containing  an  alkali  thiocyanate 
is  treated  with  a  small  amount  of  a  cobalt  salt,  and  the  solution  shaken 
with  a  mixture  of  equal  parts  amyl  alcohol  uud  ether,*  the  upper  layer 
of  alcohol  etbri  -<  p.-trates  out  azure-blue  in  color  (cf.  p.  192).  This 
reaction  is  analogous  to  that  of  cyanic  acid  upon  cobalt  salts  (cf.  p. 
365). 

11.  Nitric  Acid,  even  when  dilute,  causae  decomposition  and  the 
formation  of  nitric  oxide,  carbon  dioxide  and  sulfuric  acid: 

:JC'XS-  +  10H+  +  13NQr  — 16NOt  +  3CCM  +  3SOr-+  5  H,0. 

12.  Zinc  added  to  an  acid  solution  of  a  thiocyanate  causes  I  In- 
formation of  hydrogen  sulfide : 

Zn  +  SCN-  +  3H*-»Zn+«  -h  HaS  T  +  HCN  ♦ . 


part 
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Detection   of  Thiocyanates  in   the  Presence  of  Halogen  and  Cyanide 

First  free  tlic  j- 1 1 1 1 1 1 1 . . 1 1  {nun  hydrocyanic  ncid  by  adding  a  little,  sodium  bienr- 
iKinntc,  heating  to  boiling  and  passing  carbon  dioxide  gas  through  the  solution 
until  tin  escaping  gas  led  into  slightly  acid  silver  nitrate  solution  gives  no  turbidity 
of  silver  cyanide. 

After  the  n-moval  of  tin*  hydrocyanic  will,  test  fur  fhiocynnate,  in  the  ofixrarr 
of  nuli'li.  by  acidifying  with  hydrochloric  ncid  nnd  ndding  n  few  dmpn  of  ferric 
chloride.  A  blood-red  coloration  shown  the  pr<.^  na  ftf  thiocyarutic.  The  test  cannot 
lie  obtained  satisfactorily  in  the  presence  of  an  iodide  lierausc  it  also  will  react 
with  fume  chloride,  causing  liberation  of  free  iodine. 

//  an  (pdtde  i*  present,  add  a  little  nitric  acid  to  the  solution  from  which  tin- 
hydrocyanic  acid  ban  been  cx|ie>lh.-d.  and  precipitate  the  halogen*  and  thiuny&nnta 
by  the  addition  of  mi  excess  of  silver  nitrate  solution.  After  the  precipitate  has 
settled,  decant  off  the  •  u|.i  i  n.itnnt  solution  and  wash  the  precipitate  several  Limes 
by  decantation  with  water.  Then  shake  the  precipitate  vigorously  with  ff-nnrnuil 
ammonia  solution  This  dissolve*  the  chloride  and  thiocyanate  tflfflj*-  all  or  a 
part  of  the  bromide,  l.ut  mo  appreei.il. |o  i|nnitii\  dI  mImt  iodide.  Filter  nnd  add 
flew  jiinniotiiiiiii  sulfide  to  the  filtrate.  Filter  off  the  silver  nulfide  precipitate, 
a  drop  of  sodium  carbonate  solution,  evaporate  to  small  volume,  ncidify  with 
hydrochloric  ncid,  nnd  test  for  thiocynnntc  with  ferric  rhlnnde  «oliilion. 


tlh'trctitm  of  Halogen*  in  the  Pretence  of  Thiocynnate 
Volhard's  Method 
Treat  the  nitric  acid  solution  with  an  excess  of  silver  solution,  filter  and  dry  the 
precipitate  with  suction.    Transfer  the  precipitate  to  a  porcelain  dish  and  beat 
r 


•  Or  with  amyl  alcohol  alone. 
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it  .in  'he  water  hnth  for  45  minutes  with  concentrated  nitric  acid.  This  cause* 
iln    .-•  -:i 1 1 .1. ■;•   decomposition  o(  all  the  thiocyaiuitc, 

6  AgCNS  -t-  «  Bfi  +  1<3  UNO,  =  3  Ag»SO,  +  3  (NH,),SO«  +  6 CO,  f  -»-  16  NO  ] , 

hul  i Ik-  -ilvir  hiil ii to:  an:  imi  attacked  appreciably.  Dilute,  filter  and  wanh  a  few 
that*.  >Mtli  hoi  water.  Reduce  the  precipitate  with  zinc  nnd  dilute  sulfuric  »  id 
(p.  301),  filter  mid  tot  thai  Bltnta  aooordinf,  to  p.  327. 

Or,  instead  'if  treating  lha  Hashed  .silvi-i  |)T>'< -ipiiMte  ".i\li  Miinc  uciil  it  may  be 
IkuIoI  with  SolforiC  B03d  (I  I)  until  the  precipitate  becomes  hlaclc  and  collects  iu 
•  ball: 

2  AgCNS  -r  2  H>SO,  +  3  H»0  =  2  NIKHSO,  +  COS  \  +  CO,  I  +  Ag,S. 

DOnte  Ifae  .solution  With  water,  filter  off  the  silver  halidcs  and  silver  sulfide, 
w»«h  with  water,  reduce  with  zinc  and  sulfuric  acid  and  teat  for  the  halogen*  after 
boiling  off  the  hydrogen  sulfide  from  the  Int-i  Bll 

Krmnrl:.  —  II  is  always.  BMHMLr>'  to  destroy  the  thioeyaimte  Ix-fotv  reducing 
n -ill,  bbc  and  sulfuric  acid,  because  ethei  wise  hydrocyanic  add  will  he  formed: 

2  AgSCK  +  3  Zn  +  0  11+  —  2  Ag  -f-  3Zn++  +  2  HCN  T  +  2  H£  t  . 

Vnirdnig  to  A.  W.  Hofniiann./rcethiocyanic  acid  on  being  reduced  with  nine  and 
and  yield*  a  mixture  of  thioformaldehyde,  methylamine,  ammonium  salt  and 
hydrogen  sullidc. 

TratiriH  Commercial  Alkali  Thiocyanatc  for  Chloride 
C.  Mann's  Method 

Dissolve-  5  gin.",  of  the  alkali  thiocyauate  iu  20  cc.  of  water  and  to  the  solution 
add  80  gm*.  of  c.ryxfalliied  inipper  sulfate  dissolved  '"  WO  DC.  of  water.  A  black 
pnopil  '"•  "'  oupri   ihfoeysnate  ia  formed: 

Cu-M-  +2CNS-  -Cu(CN3),. 

Pan  hydrogen  sulfide  gas  through  the  solution  until  the  precipitate  becomes  nearly 
white: 

2  Cu(CNS),  +  HtB  -  Cu,(CWSl,  +  S  +  2  HCNS. 

HMO,  when  llir  Mi[KT[i:U.;int  bhU  rnM.r  snluhoii  begins  to  get  brown,  owing 
to  the  formation  "f  copper  sulfide,  stop  introduring  the  hydrogen  sulfide  una  and 
allow  Uu  liquid  to  stand  a  few  hours.  During  this  tim<  (he  tbkNQWlit  aciil  formed 
li\  the  above  reaction  is  acted  upon  by  the  copper  sulfide  present,  aa  follow*: 

8  CufCNS),  4-  2  CuS  -» 2  Cu,(CNS),  4  2  S. 

Kilter  and  treat  the  filtrate  with  silver  nitrate.  A  white  precipitate  shows 
dUcfida  t<>  be  present. 

Remark.  —  An  equally  good  method  is  the  followins:  Treat  the  solution  of  the 
thiocyanatc  with  an  excess  of  copper  sulfate  solution  and  introduce  sulfur  dioxide 
gas  until  the  precipitate  becomes  white  cuprous  thiocyamtc.  Allow  the  notation 
to  stand  several  hours,  than  Uttr  off  the  cuprous  thiocyanatc,  treat  the  filtrato 
■  -iih  nitric  acid  and  test  for  chlorine  with  silver  nitrate. 

Instead  of  -ulfiifm-  id,  hvdroxylamine  sulfate  may  be  used  to  reduce  the 
CUpric  solution. 


Detection  of  f'mrro-  and  FerrU-yanitlex  in  tfur  Pretence  oj  Thiocyanate 

Method  of  P.  E.  Uuowninu  in  11.  E.  1'.\i,mku 

Acidify  the  dilute  solution  of  the  alkali  salts  of  the*'  ttidi  RitA  acetic  acid  or 
hydrochloric  acid,  avoidiug  an  cxce«s,  aad  add  a  solution  of  1 1  mi  mm  nitrate; 
finely  divided  thorium  ferrucyamde  will  be  precipitated.  Rhnlm  Hie  solution  with 
finely  divided  rudxaston,  or  filter  paper  pulp,  tilt <-r  and  mall  the  precipitate  with 
cold  water.  Pour  dilute  sodium  hydroxide  solution  over  the  precipitate,  ucid.p, 
the  solution  thus  obtained  and  add  a  few  drops  of  ferric  chloride;  Prussian  blue  is 
formal  if  a  Jerrocyu  niile  wo*  prUMBl 

Add  Otdmhm  nulfate  solution  to  tho  filtrate  from  the  thorium  ferrocyanida 
precipitate,  shake  with  I'mcly-divided  aslx-'stoK  and  filter  off  the  cadmium  ferri- 
cyanidc.  Wash  the  prccipitutc  with  cold  water,  dissolve  in  sodium  hydroxide 
wduliim,  Modify  the  solution  with  hydrochloric  acid  and  treat  with  ferrous  sulfate? 

solution.      The  JiirmeUum  «j  TiiruhiiWx  Idut.  shmet  l)u-  jirrgetice  oj ferrieyamr.  arid. 

Add  ferric  chloride  to  tho  filtrate  from  the  cadmium  ferricyanidc  precipitate;  a 
Wood-red  eoiorafio'i  will  be  obtained  if  a  thiocyanate  U  present. 

lirluivior  of   Thiocyanate*  on   Ignition 

The  thiocyanate*  of  the  ulknliet*  melt,  readily,  and  are  colored  Kuccemively  yellow, 
brown,  grwn,  and  finally  blue,  becoming  white  again  on  cooling. 

I'll''  'I y.'inate*  "f  t  In  •  heavy   metal*  are  decomposed   into  Bulfidt,     plillinn  off 

carbon  disulfide,  dicyanogon,  and  nitrogen.    Thua  cuprous  thiocyanate  is  decom- 
posed according  to  the  following  equation : 

■1  Cih(CNS),  -  4  Cu,S  -f-  2  CS,  T  +  3(CN),  |  +  NT»  T . 

The    mercuric,    thiiicyini  II    I  i.-niciidoiNy    on    I  wing    heated    (I'liurauli's 

serpenU). 


COBALTICYANIC   ACID,  Hj[Co(CN)«) 

The  free  acid  can  be  obtained  by  sii«|)cnding  the  lead  or  copper  mdt  in  water 
and  saturating  the  water  with  hydrogen  sulfide  iMf  ,  the  lead  or  copper  cubulti- 
cynnide  i.i  changed  into  less  soluble  sulfide  and,  by  filtering,  an  aqueous  solution  nf 
eobalticyanic  acid  ia  obtained  from  which  the  solid  acid  deposit*  upon  evaporation. 
The  free  ncid  may  be  prepared  also  by  treating  the  potassium  salt  with  mine  acid, 
evaporating  to  dryness  oil  the  water  bath  unci  •Ktttttfllf  the  acid  with  alcohol. 
After  evaporating  off  the  alcohol,  needle-shaped,  hygroscopic  crystals  of  H,[Co(CN)»] 
are  obtained. 

Cobalticyanic  ncid  ia  extremely  •tabic.  It  is  nut  decinnjHwd  l.v  l..jilu>n  with 
concentrated  hydrochloric  or  nitric  acid,  l>y  chlorine  or  by  boiling  wiih  BfcjO  liy 
heating  with  concentrated  nlfuric  acid,  however,  it  is  decomposed  with  evolution 
of  carbon  monoxide  and  carbon  di'mdc: 

2H,|Co(CN),|+8H1SO,  +  1311,0  -  2CoSO,  +  0  (NH.tjSO,  +  11  CX)  T  +  CO.  f . 

.SuiuliiIUy  nf  CabaUicyantdt*.  —  The  alkali,  alkaline-earth,  ferric  and  other  tri- 
valent  tnet  td  salts  alt  soluble  in  water.  Mont  of  the  other  suit*  with  bivalent  metals 
and  with  heavy  metals  are  insoluble  in  water  and  in  acids. 


Id-,, 1  linns  in   the   Wet   Way 

1.  Dilute  Sulfuric  Acid.      No  reaction. 

2.  Concentrated  Sulfuric  Add  decomposed  all  u(  tin-  salts  with  evolution  of  CO 
and  CO«  and  formation  d  blBtj  mhydrou*  cobalt  ous  «alt. 

3.  Silver  Nitrate  prnflpim  "  white  precipitate  insoluble  in  nitric  acid  but  soluble 
in  ammuniu. 

4.  Lead  Acetate,  Ferric  Chloride  and  Mercuric  Chloride  produce  no  precipitate*. 
6.   Cobaltoua  Nitrate  produces  a  pink  precipitate  insoluble  in  nitric  acid  but 

soluble  in  ammonia. 

6.  Nickel  Sulfate  gives  a  blue  precipitate  insotuMi*  in  nunc  acid  but  soluble  in 
amrmiuiii. 

7.  Copper  Sulfate  produce*  ■   light-hlm-  precipitate  insoluble  in  nitric,  acid  but 
forming  a  blue  solution  with  ammonia. 

B    Cadmium  Sulfate  and  Zinc  Sulfate  give  white  precipitates  insoluble  in  nitric 
acid  but  soluble  in  ammoum, 

9.  Ferrous  Sulfate  produce*  x  white  precipitate  insoluble  in  nitric  acid. 

10.  Mercuric  Nitrate  ]>r- .. I •  1 .  'luminous  pTMrpH  kte  insoluble  in  nitric 
acid. 


Reaction*  in   the  Dry   Hay 

All  the  salU  of  eobalticyanic  acid  are  decomposed  by  ignition,  leaving  cyanide 
and  cohalt  carbide  behind.  The  alkali  and  alkaline-earth  salts  color  the  borax 
bead  blur  in  both  the  oxidizing  and  reducing  flames. 
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Croup  It 

Silver  Nitrate  produces  a  precipitate  soluble  in  nitric  add. 
Barium  Chloride  causes  no  precipitation. 

Nitrous  Acid,  HNO, 

Occurrence.  —  Nitrous  acid  never  occurs  in  nature  except  in  the 
form  of  its  salts,  the  nitrites.  It  is  found  in  the  air,  as  ammonium 
nitrite  and  in  ninny  soils  and  waters,  particularly  in  those  which  are 
contaminated  with  ammonia  or  decaying  substances. 

Ammonia  is  oxidized  by  the  uction  of  microorganisms  (mono*  nitri- 
ficanti)  to  nitrous  n.'i.l,  which  combines  with  more  ammonia  to  form 
ammonium  nitrite. 

Preparation  of  Nitrous  Acid  and  its  Salts.  —  Nitrous  acid  is  formed 
by  the  gentle  reduction  of  nitric  acid.  If  zinc  is  allowed  to  act  upon 
dilute  nitric  aeid  for  a  short  time,  the  latter  is  reduced  to  nitrous  acid, 

Zn  +  3  HNO,  -  Zn(NO,),  +  HNO,  4-  H,0, 

but  the  reduction  can  easily  go  a  little  farther,  forming  NO,  N,0, 
and  Nj;  while  by  long-continued  action  of  the  zinc,  hydroxy  land  ne, 
NII,OH,  or  even  ammonia  is  forinod. 

If  nitric  aeid  of  sp.  gr.  1.3  is  heated  with  araeaioUM  acid,  starch, 
etc.,  a  mixture  of  nitric  oxide  and  nitrogen  peroxide  is  obtained,  which, 
on  cooling  to  —  21°  C,  condenses  to  a  bluish-green  liquid.  NiOi,  the 
anhydride  of  nitrous  acid. 

If  the  anhydride  is  treated  with  ice-cold  water,  a  bluish-green  liquid 
is  obtained,  which  contains  nitrous  acid,  but  always  in  company  with 
nitric  acid;  for  N»0,  unites  with  water,  forming  nitrous  and  nitric 
acids,  and  nitric  oxide: 

2  N,0,  4-  H,0  =  HNO,  +  HNO,  +  2  NO. 

At  a  higher  temperature  nitrous  acid  is  gradually  changed  into 
nitric  acid: 

3  HNO,  =  HNO,  +  2  NO  +  H,0. 

P, 

exist 

His 

80lut 


Pure  nitrous  acid,  therefore,  is  not  known.  In  aqueous  solution  it 
exists  as  a  fairly  strong  acid,  the  ionization  constant  being  0.45  x  10-*; 
it  is  ionized  about  twenty  times  as  much  as  acetic  acid  in  0.1-normal 
solution. 
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If  tin-  oixtUTO  of  nitric  oxide  and  nitrogen  peroxide  is  con- 

ducted into  concentrated  sulfuric  acid,  the  two  gases  are  readily 
absorbed,  Conning  nitrosyl  sulfuric  add: 

2  BsSOtt  +  NO  -f-  NO,-»  H,0  4-  2  H(NO)SO«. 

This  solution  of  nitrosyl  sulfuric  acid  in  sulfuric  acid  is  sometimes 
called  "•  nitrose." 

If  the  solution  us  added  to  cold  water,  sulfuric  and  nitroiw  acids 

are  Conned: 

i  1 i  NO)SO«  +  H,0  -»  HNO,  +  H3SO«. 

A  solution  of  nitrosyl  sulfuric  acid  can  be  kept  indefinitely,  80  that 
it  is  a  convenient  reagent  for  the  immediate  production  of  nitrous  acid 
at  any  time. 

The  salts  of  nitrous  acid,  the  nitrites,  are  much  more  stable  than 
the  free  acid,  and  may  be  obtained  by  the  ignition  of  nitrates: 
2  XaNQt  =  2  NaNOj  +  O*. 

Nitrites  prepared  in  this  way  always  contain  some  oxide  and  some 
nitrate  as  impurity.*  In  order  to  obtain  a  pure  nitrite,  silver  nitrite 
is  treated  with  tin-  calculated  amount  of  a  nu-t rillii-  chloride 

AgNO,  +  NaCl  -  AgCl  t-  NaNO,. 

The  soluble  nitrite  can  be  separated  from  the  insoluble  silver  chlo- 
ride by  filtration. 

Saffiofifty  nf  Nitrite*.  —  All  nitrites  are  soluble  in  water;  silver 
nitrite  is  difficultly  soluble. 

Heartiona  in  the  Wet   Way 

As  all  nitrites  are  soluble  in  water,  the  reactions  which  serve  for 
the  detection  of  this  add  cannot  be  those  of  precipitation,  but  rather 
those  in  which  a  change  of  color  takes  place,  owing  to  an  oxidation  or 
reduction. 

Nitrous  acid  sometimes  acts  as  an  oxidising  agent,  and  sometimes 
as  a  reducing  agent. 

1.  Dilute  Sulfuric  Acid  decomposes  all  nitrites  in  the  cold,  setting 
fab  brown  vap<  I 

fa)  NaNO,  +  H-SO,  =  NallSO,  +  HNO,; 

(6)  3  HNO,  =  UNO,  +  2  NO  T  +  H,0; 

(c)  2  NO  +  Ok  (air)  =  2  NO,  T  • 

2.  Concentrated  Sulfuric  Acid  reacts  exactly  the  same,  but  much 
more  violently 

•  If  the  nitrite  in  heated  wit*  a  metal,  e  g.,  lead,  the  redaction  tnk«  pUca  at 
a  lower  tetnjwnturr  and  is  almost  qua.ntit.ii 


NITROUS  ACID 
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3.  Silver  Nitrate    precipitates  from   nitrite  solutions  crystals  of 

nitrite  in  the  form  of  needles,  which  are  slightly  soluble  in  cold 
r  (300  ee.  of  water  dissolve  1  gin.  of  silver  nitrite  at  the  ordinary 
lciii|MT.Htur<).     In  boiling  water,  silver  nitrite  is"  considerably  more 
soluble. 

4.  Cobalt  Salts  produce  (with  an  excess  of  potassium  nitrite  and 
acetic  arid)  a  yellow  crystalline  precipitate  of  potassium  cobalti- 
nitrite  (cf.  p.  191). 

5.  Indigo  Solution  i«  completely  decolorized  by  warming  wit  li 
DHrOUS  acid. 

6.  Hydriodic  Acid  is  oxidized  by  nitrous  acid  with  separation  of 
iodino: 

2  I"  4-  2  NOt"  4-  4  H+-*  2  H,0  +  2  NO  T  +  U. 

If,  therefore,  a  nitrite  is  added  to  a  solution  of  potassium  iodide 
fend  the  solution  is  acidified  with  sulfuric  or  acetic  acid,  the-  solution 
becomes  yellow,  owing  to  the  separation  of  iodine.  If  the  solution 
is  now  shaken  with  chloroform  or  carbon  disulfide,  the  lathi  will 
be  colored  red  dish- violet.  Or,  if  a  little  starch  paste  is  added,  it  will 
be  colored  blue  by  the  iodine. 

As  the  above  equation  shows,  hydrogen  ions  an:  required  in  the  reaction.  If 
roiutiderubli'  ulkali  acetate  is  present ,  then-  is  no  separation  of  iodine  on  the  addition 
of  acetic  ticid,  but  if  a  few  drops  of  a  strong  mineral  acid  arc  tuldcd,  iodine  is  at  onoo 
net  free.  This  is  a  good  illustration  of  the  maw-action  principle  (p.  131  and  com- 
mon ion  effect  (p.  40). 

This  I  XI  '■<  iIiiikI.v  'I' -In-all'  reaction  is  also  caused  by  tin-  actum  of  a  jtreat  m 
nth.T  oxidising  agent*;    and  it  can  only  IsJ  used  for  tin-  detection  of  nitrous  acid 
when  it  is  known  that  all  such  oxidizing,  substances  are  ulwrit. 

As  ferric  wilts  also  c:ni>r  lil x'Pition  of  loihne  i.»-f.  p.  .'57)  n  is  evident  that  nitrous 
acid  cannot  l>o  tested  for  by  the  above  to*t  in  tog  pneeocs  01  n  ferric  salt.  If. 
however,  a  large  excess  of  sodium  phospli.-iU'  i«  .-n !•  !«■■ !  in  the  solution,  together  with 
a  little  potassium  iodide  and  sonic  nitfaric  -mil.  im  nhIhm-  mil  U  liberated  by  the 
•.alt  and  the  presence  of  a  trace  of  nitrous  acid  may  be  detected.  Tlic  ferric 
ions  are  converted  into  very  slighth  ioniied  ferric  acid  phosphate  in  lhi«  tot  and 
tlii-  oOBOenttBtkm  Of   the  ferric  ions  is  mnele  so  small   Unit   thflN    1.1  no  appreciable 

reaction  with  the  Iodide  loot.    irtmaftB,*  who  unntad  thh  pKwodu*,  iddi  B 

gms.  Ka,HPOt  •  12  !1,0.  0.2  gin.  KI.  5  mr.  4-normol  HM  and  a  li* t I . -  itareh  solu- 
tion to  100  cc.  of  a  solution  of  the  ferric  salt  which  is  to  be  tested  for  nitrite.  If  as 
much  as  0.3  nig.  of  N/J*  is  present,  the  intense  blue  color  will  be  obtained  urinn  >!;- 
ately. 

7.  Ferrous  Salts  arc  oxidized  to  ferric  salts,  with  evolution  of  nitric 
oxide: 

Fc++  +  NO,"  -f  2  H+  —  Fo+++  +  NO  J  +  HtO. 


Ckrm.,  ZUj.  1913.  501. 
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REACTIONS  OF  THE  ACID  CONSTITUENTS 


The  nitric  OXlde  dissolves,  in  the  cold,  in  the  excess  of  ferrous  salt, 
Canning  B  brown  compound  of  a  varying  composition:  (FeSO«),(NO)r. 

To  obtain  thin  compound,  add  a  little  ucid  to  a  concentrated  solution  of  ferrous 
sulfate  and  pan-fully  pour  the  scluin.ii  to  In-  tested  fin  top.  At  tho  gone  of  contact 
bctwri-n  i in-  two  solutions  the  dark-lirown  coloration  will  be  apparent. 

Nitric  ucid  gives  the  BUM  reaction,  but,  only  on  the  addition  of  concentrated 
sulfuric  acid.  Citric  or  acetic  acid  furnishes  sufficient  H~  ions  to  give  the  teat  with 
a  nitrite. 

8.  Potassium  Permanganate.  —  If  nitrous  acid  is  added  to  a  warm 
(about  40°  C.)  acid  solution  of  potassium  permanganate,  the  latter 
will  become  decolorized,  owing  to  the  oxidation  of  the  former  to  nitric 
acid : 

2  MnOr  +  5  NOj"  +  8  H+  —  2  Mn++  +  5  NO,"  +  3  H,0. 

In  this  reaction  nitrous  add  acts  as  a  reducing  agent. 

9.  Detection  of  Small  Amounts  of  Nitrous  Acid  by  the  Peter  Gries*  Method.*  — 
Ti.  il.-t '-rt  flu-  small  amount*  of  nitrous  acid  which  may  Iw  present  in  drinking- 
water,  of  tho  above  reactions  only  that  of  potassium  iodide  and  starch  is  delicate 
enough  Hut  ;n  hydrogen  peroxide  and  f.'rric  ealui  arc  also  likely  to  be  present, 
both  of  which  cause  the  separation  of  iodine  from  an  acid  solution  of  potassium 
iodide,  it  in  evident  that  dependence  upon  this  reaction  ulone-  would  often  lead  to 
error. 

C(i[ivci|iiciillv.  la  order  In  lifted  tin-  presence  nf  tract's  Of  nitrous  acid  we  make 
use  of  n  reaction  which  was  first  proposed  by  lVTor  Or!—,  and  which  is  caused  by 
nitrous  acid  only.  It  depends  upon  the  formation  of  an  intensely  colored  aio 
dyeatuff. 

Potcr  GricsB  used  as  his  reagent  phcnylcncdiaminc,  whereby  a  yellow  dye,  Bis- 
marck brown,  is  formed.  Recently,  according  to  the  suggestion  of  Ilosvay  v. 
IIohvu.I  un  acetic  acid  Solution  of  Hiilfunilic  ucid  mid  of  o-iiaphthvlauiine  is  used 
iiiKti-Mil.     According  to  Lunge.  J  it  h>  liest  tu  mix  the  ki .hit ion*  "|  idi-  last  two reagent*. 

The  reagent  in  prepared  as  follow* : 

I     Dissolve  0.5  gin.  of  Millunln  mM  m  ISO  cc.  of  2-normal  acetic  acid. 

2.  Hoil  0.2  gm.  of  solid  <r-naphthylaminc  with  '.! •  of  water,  pour  off  the  color- 
less solution  from  the  bluish-violet  residue,  and  add  to  the  colorless  solution  150  cc. 
of  2-normal  acetic  ini  I 

Mix  the  two  solutions.  The  mixture  keeps  well  oul>  wh.-n  k. •- 1 it  in  a  dark  place. 
It  turns  reddish  if  exposed  to  the  light,  and  cannot  lie  decolorised  liy  slinking  with 
rinc. 

1'roetdnrt.  —Trent  about  50  cc.  of  the  water  with  2  cc.  of  the  above  rcaRcnt, 
and  :  >  1 1  <  i  -.-.  it  to  stand  five  or  ten  minutes;  it  will  la?  colored  a  distinct  red  if  a  traeeof 
nitrous  acid  is  present. 

10.  Diphenylamine,  dissolved  in  concentrated  sulfuric  acid,  is 
colored  intensely  blue  by  nitrous  acid.     Nitric  acid  and  many  other 


•  Ber.,  12  (1879),  427. 

fBuW.cAim.  [31  J,  317. 

t  Z.  angew.  Chetnie,  188»,  Heft  23. 
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oxidizing  substances,  such  as  selenic  acid,  chloric  acid,  ferric  chloride, 
et<\,  will  give  the  same  reaction  (cf.  Nitric  Acid). 

11.  Brucine  dissolved  in  concentrated  sulfuric  acid  (according  to 
(J.  Lunge  and  A.  Lwoff  *)  gives  no  reddish  coloration  when  treated 
With  nitrosyl  sulfuric  acid. 

I>ry,  rwTV.-inllunl  silver  nitrite,  containing  70.05  per  cent  silver  (theory  70.09). 
did  give  with  brucine  (cf.  p.  420>,  in  an  atmosphere  of  carbon  dioxide.  a  weak  but 
iH-vi-rthiclcss  distinct,  test  for  nitric  ac.id,  probably  due  to  the  presence  of  traces  of 
tutr.tr  remaining  in  the  silver  nitrite.  On  dissolving  15  mgm.  of  this  same  nitriU' 
in  water,  milling  nn  equivalent  amount  of  podium  <-li I.>r t< !•■  :>n.l  diluting  to  one 
i  solution  of  aodium  nitrite  was  obtained,  of  which  1  cc.  added  <lri>i>  by  dm/i 
with  conxUiiU  tlirring  to  about  4  ec.  of  concentrated  sulfuric  laid  yielded  a  solution 
of  oitrusyl  sulfuric  acid  which  gave  no  sign  "f  u  rvd  -olontlOB  With  a  drop  of 
hiniiiie  reagent.  The  test  was  immediately  obtained,  however,  on  lidding  n  trace 
of  nitric  add  to  this  solution. 

Hriieuie,  therefore,  is  n  reagent  by  which  nitric  acid  can  be  detected  in  the  pret- 
ence of  nitrous  acid. 

12.  Urea  acts  with  nitrous  acid  with  evolution  of  nitrogen  and  car- 
bon dioxide: 

CO(NH,),  +  2  HNO,  —  3  H,0  +  CO,  T  +  2  N,  t  • 

In  thia  reaction  the  nitrogen  of  the  urea,  with  its  negative  valence 
of  three,  is  oxidized  by  the  nitrogen  of  nitrous  acid,  which  has  a  posi- 
tive valence  of  three.  In  alkaline  solutions  free  halogens  will  react 
with  urea,  but  in  acid  solutions  the  reaction  with  nitrous  acid  is  sensi- 
tive :iiul  chtiructeridtic. 

13.  Ammonium  chloride,  on  being  added  to  a  boiling  solution  of  a 
nitrite  in  dilute  acetic  acid,  causes  evolution  of  nitrogen  gas  (cf.  p. 
103): 

NHV"  +-  NOT  —  2  H,0  +  Ns  T  . 

14.  Hydrogen  Sulfide  gives  a  precipitate  of  sulfur.  This  forms 
Immediately  in  acid  solutions  and  very  slowly  in  neutral  solutions: 

2  NOT  +  HSS  +  2  H+  — 2  NO  T  +  2  H,0  +  S. 

16.  Potassium  Thiocyanate  does  not  react  with  a  neutral  or  slight  ly 
acid  solution  of  ti  nitrite.  On  adding  n  strong  minernl  acid,  Imwcv 
dark  red  color  is  obtained.  Thia  color  is  similar  to  that  produced  by 
a  ferric  salt  and  thiocyanate  and  is  due  to  an  oxidation  of  the  thio- 
cyanate. The  addition  of  alcohol,  or  gently  boiling,  destroys  the  color 
prodiic-,1  by  nitrous  acid;  shaking  with  carbon  disulfide  removes  the 
greater  part  of  the  color. 


•Z  angew.  Chcm   1894,345. 
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16.  Resorcinol,  CsH«(OH)j,  is  useful  for  the  detection  of  small  quan- 
tities of  nitrous  acid  dissolved  in  concentrated  sulfuric  acid.  The 
test  is  made  as  follows: 

Take  1  cc.  of  the  concentrated  sulfuric  acid,  add  just  a  trace  of  resorcinol,  and 
dilute  with  5  cc.  of  water.    A  mere  trace  of  nitrous  acid  gives  a  yellow  color. 

17.  MnCl,  in  12  NHCL    See  page  486. 

18.  Thiourea  reacts  with  nitrous  acid  in  acetic  acid  solution  to  form 
nitrogen  gas  and  thiocyanic  acid: 

CS(NHt).  +  HONO  -  Ni  f  +  HCNS  +  2  H,0. 

The  thiocyanic  acid  can  be  detected  by  the  red  color  produced  upon 
adding  a  solution  of  a  ferric  salt.    (Cf.  page  487.^ 
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Occurrence  and  Preparation.  —  Hydrogen  sulfide  is  found  in  volcanic 
regions,  in  many  mineral  waters  (the  so-called  "sulfur"  waters), 
and,  in  general,  wherever  substances  containing  Rulfur  are  Hiihjeri  tfl 
decay,  or  when  they  come  in  contact  with  decaying  substances.  Silt 
fates  are  easily  changed  into  sulfides  by  the  action  of  microorganisms 
which  are  present  in  the  air;  and  this  is  the  reason  why  many  mineral 
waters  containing  sulfates  smell  of  hydrogen  sulfide  after  standing 
-oiiii-  lime  in  a  corked  flask.  If.  however,  the  flask  and  the  cork  are 
sterilized,  the  water  can  be  kept  indefinitely.  The  formation  of  hydro- 
Ren  sulfide  from  sulfates  takes  place  us  follows: 

By  means  of  carbonaceous  matter  (dust,  etc.)  the  sulfate  is  reduced 
with  the  aid  of  microorganisms,  at  first  to  sulfide. 

Na«SO«  +  2  C  =  2  CO*  +  Na,S, 

which  is  then  decomposed  by  carbonic  acid: 

Na»S  +  H,CO,  =  Na,CO,  +  H,8 1 . 

Just  as  hydrogen  sulfide  may  be  made  from  sodium  sulfate  by  the 
action  of  organic  matter  in  a  corked  flask,  so  in  nature  the  same 
process  brings  about  the  presence  of  hydrogen  sulfide  in  many  mineral 
waters. 

For  laboratory  purposes,  hydrogen  sulfide  is  prepared  similarly 
by  the  action  of  dilute  sulfuric  or  hydrochloric  acid  upon  a  sulfide 
(usually  iron  sulfide,  FeS,  on  account  of  its  cheapness  and  stability). 

Properties.  —  Hydrogen  sulfide  is  a  colorless  gas,  with  an  odor  like 
that  of  rott0O  eggs;  it  is  absorbed  by  water  at  the  ordinary  tempera- 
tures (one  volume  water  absorbs  two  to  three  times  its  own  volume). 
The  saturated  solution  at  25°  is  approximately  0. 1  molnl  =  0.2 
normal.  The  higher  the  temperature,  the  leas  the  solubility,  as  with 
all  gases.  For  the  primary  ionization:  HjS  j=s  H+  +  HS~,  the  value 
of  the  ionization  constant 


For  the  secondary  ionization,  HS 
stant 

[H+l  x  |s 


£UJjEl-*fctMXM* 


|HS- 


II*-  +  B  ,  the  value  of  the  con- 


=  fc,  is  1.2  x  10_u. 
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In  the  saturated  solution  at  2o°,  the  concentration  of  the  hydrogen 
ion  is  about  0.0  X  ID-4  moles  per  liter  and  of  the  simple  sulfide  ion 
it  is  only  1.2  X  10~16.  According  to  the  table  on  p.  57,  therefore,  a 
saturated  solution  of  hydrogen  sulfide  should  react  acid  to  phenol- 
phthalien  and  to  azolit  inin  hut  not  to  methyl  orange. 

The  solution  of  hydrogen  sulfide  becomes  turbid  on  standing  in  the 
air  as  a  result  of  it*  oxidation  by  atmospheric  oxygen : 

2H»S  +  0,  =2H,0  +  2S. 

Hydrogen  sulfide  burns  in  the  uir  with  a  bluish  flame  to  water  and 
sulfur  dioxide: 

2  H,S  +  3  O,  =  2  HsO  +  2  SO,. 

The  salts  of  hydrosulfurie  ;u -id  are  called  sulfides. 

Sutttbiltty  of  Sulfides.  —  The  sulfides  of  the  alkalies  and  the  hydro- 
and  polysulfides  of  the  alkaline  earths  are  soluble  in  water.  The 
monosulfides  of  the  alkaline  earths,  particularly  calcium  sulfide,  CaS, 
are  difficultly  soluble  in  water,  but  they  are  gradually  changed  from 
contact  with  water  into  soluble  hydrosiilfides: 

2  CaS  +  2  H.O  -»  Ca(OH),  +  Ca(SH),. 

The  remaining  sulfides  are  insoluble  in  water.  Of  these  latter 
FeS,  MnS,  and  ZnS  are  decomposed  by  dilute  hydrochloric  acid  with 
evolution  of  hydrogen  sulfide;  others  require  concentrated  hydro- 
chloric acid,  e.g.,  SbjS,,  StiS-,  ritS.  NiS.  CuS.  f",IS;  while  the  remain- 
ing are  insoluble  in  concentrated  hydrochloric  acid,  but  are  all  soluble 
in  aqua  rcgia  with  separation  of  sulfur. 

Reactions  in  the  Wet  Way 

Free  hydrogen  sulfide,  ns  has  bcrn  itatad,  is  n  very  weak  acid,  being  even  weaker 
than  carbonic  acid.  The  soluble  neutral  suits.  B  JS,  OH  U-ing  dissolved,  icmiw  iota 
metal  and  sulfide  ions. 

R^  M  2  R+  +  S— ,  I 

but  under  the  influence  of  water,  Borne  of  the  bivalent  sulfur  ions  are  changed  to 
univalent  HS~  kins, 

HOH  +  8 —  *=i  nS"  +  OH-; 

some  of  the  bivalent  sulfide  ions  remain  in  solution,  and.  in  fact,  more  in  concen- 
trated dilutions  than  in  dilute  ones. 

As,  ih«r.  fi.ro,  an  aqueous  solution  of  a  sulfide  contains  both  S  ions  and  SH~ 
ions,  while  the  solutions  of  the  free  acid  contain  chiefly  nnn-ioniaed  II,S,  it  w  plain 
why  in  many  reactions  the  former  react  in  a  somewhat  different  way  from  tin;  latter. 

1.  Dilute  Sulfuric  Acid  decomposes  all  soluble,  and  some  insoluble, 
sulfides,  with  evolution  of  hydrogen  sulfide. 
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2.  Concentrated  Sulfuric  Acid  decomposes  all  sulfides,  on  warm- 
ing, with  evolution  of  sulfur  dioxide  and  deposition  of  sulfur: 

NaS  +  2  H»SO«  =  NajS04  +  2  H90  +  SO,  T  +  S. 

But.  even  the  sulfur  rocs  over  into  sulfur  dioxide  after  being  heated 
with  the  sulfuric  acid  for  some  time: 

2 HjSO,  +  S  =  2 HiO  +  3S02  T  • 

3.  Silver  Nitrate  produces,  ill  solutions  of  hydrogen  sulfide  and  of 
soluble  sulfides,  a  black  precipitate  of  silver  sulfide, 

2  Ag+  +  H,S-*  AgaS  +  2  H+, 

insoluble  in  cold  nitric  acid,  in  which,  however,  it  dissolves  on  warm- 
ing (cf.  p.  190). 

4.  Barium  Chloride  causes  no  precipitation. 

5.  Lead  Salts  (beat  a  solution  containing  an  excess  of  alkali)  pro- 
duce a  black  precipitate  of  lead  sulfide.  All  sulfides  which  are  decom- 
posed by  hydrochloric  acid  evolve  hydrogen  sulfide,  and  this  gas,  on 
coming  in  contact  with  a  piece  of  filter  paper  moistened  with  an  alka- 
line lead  solution,  colors  the  latter  black.  An  insoluble  sulfide  (pyrite, 
arsenic  sulfide,  mercuric  sulfide,  etc.)  evolves  hydrogen  sulfide  when 
treated  with  hydrochloric  acid  and  tin  or  sine. 

To  Uot  au  insoluble  wulfide,  audi  un  the  mineral  pyrite,  place  a  little  finely  granu- 
lated tin  in  n  lest  tube,  cover  it  with  ft-nortnul  hv.ln  n!iliiri<-  arid  and  heui  wntly. 
1 1. .11  ;i  piece  of  filliT  paper  which  ha*  ts-c-n  moistened  with  sodium  plumbite  solu- 
tion *  over  the  escaping  vapor*.  If  it  blackens,  the  tin  itself  contains  a  little  sulfide 
and  cannot  he  used  for  the  most,  delicate  test.  Usually,  however,  the  blackening 
with  tin  nlonc  is  so  alight  that  an  allowance  can  h«  mode  for  it.  Now  odd  a  little 
of  the  substance  to  be  tested  and  a  little  more  tin.  A  trace  of  sulfide  will  cause 
blackening  of  tho  lead  acetate  paper. 

6.  Sodium  Nitroprusside,  Na,|Fe(CN),(NO)] -2  H.O,  is  colored 
reddish-violet  by  S_~i<ms,  but  not  by  SIl- ions.  Consequently  hydro- 
gen sulfide  itself  does  not  give  this  reaction,  except  upon  the  addition 
of  caustic  alkali.  The  reaction  is  very  sensitive,  but  not  so  delicate 
Bfl  the  one  with  an  alkaline  solution  of  I  Icrni  Belt 

7.  Methylene  Blue.  —  This  reaction  (which  was  recommended  by 
Entil  Fisher  t)  is  the  most  sensitive  of  all  reactions  for  detecting  the 
presence  of  hydrogen  sulfide.  It  is  particularly  Suited  for  detectinR 
the  presence  of  traces  of  hydrogen  sulfide  in  mineral  waters,  even 
when  all  other  tests  give  negative  reeulfB, 


*  D'iuI  acetate  solution  treated  with  enough  sodium  hydroxide  to  dissolve  the 
lead  hydroxide  that  forms  first. 
t  Rer.,  IS,  2234. 


3f>8 


REACTIONS  OF  THE  ACID  OONBTTTl 


Treat  the  solution  to  he  tested  for  hydrogen  sulfide  with  one  t-cnth  of  it*  volume 
of  concentrated  hydrochloric  acid,  odd  u  lit t !■  ■  dimethylpuraphcnylcndiarninc*  sul- 
fate. N'H,-CJl.-N(CHiJi-H^O,,  from  the  point  of  a  knife-blade,  alir  it  into  the 
liquid,  and  when  it  has  dissolved,  add  one  or  two  drope  of  a  dilute  ferric  chloride 
BObltioOD 

The  formation  of  methylene  blue  may  be  expressed  by  the  following  equation: 

2  [NH,  •  C.H,  •  N(CH»),  •  HC1)  +  6  FcH-M-  +  8" 

—  N^  ;S  +6Fe++  +  NH4+  +  4H+  +  Cl- 

^CH,/-N(CH,), 
I 

ci 

If  only  0.02  mgm.  of  hydrogen  sulfide  Li  present  in  n  liter,  the  blue  color  is  dis- 
tinctly  apparent  after  half  an  hour's  slandioc  while  Uie  above  teste  would  give 
negative  results. 

If  too  little  hydrochloric  neid  i*  present,  n  rod  coloration  is  obtained;  this  is 
caused  by  the  action  of  ferric  chloride  ujion  a  faintly  acid  solution  of  dimethyl- 
l>hi -n\ lirn I iarni n--.  If  considerable  hydrochloric  acid  in  present,  the  red  coloration 
does  not  ii|i| K'.ir. 

8.  Oxidizing  Agents,  such  as  the  halogens,  nitric  acid,  chromatcs, 
permanganates,  ferric  salts,  etc.,  decompose  hydrogen  sulfide  with 
separation  of  sulfur. 

9.  Metallic  Silver  is  blackened  by  both  free  hydrogen  sulfide  and 
soluble  sulfides: 

4  Ag  +  2  H,S  +  O,  (air)  =  2  H,0  -f-  2  Ag,S; 
4  Ag  +  2  NaiS  +  2  fTsO  +  O,  (air)  =  4  NaOH  +  2  Ag*S. 

If  oxygen  and  water  arc  not  present,  the  above  reactions  will  not 
take  place.  A  piece  of  bright  silver  .suspended  for  fourteen  hours  in 
a  sulfur  spring  showed  no  sign  of  darkening  until  it  had  been  exposed 
to  the  air  for  a  short  time. 

Alwolutely  dry  hydrogen  nil  fide,  in  I  ho  presence  of  absolutely  dry 
oxygen,  acts  upon  silver  at  ordinary  temperatures  only  very  slowly; 
it  acts  in.it ant ly  if  a  trace  of  water  is  present. 

To  detect  the  (HMOCS  "f  »ulfur  in  insoluble  sulfides,  fuse  with  a  little  caustic 
soda  (on  the  cover  of  a  porcelain  crucible )  to  form  soluble  .-odium  sulfide: 
MiS  +  2  NaOH  =  H,0  +  NiO  -+  NarfJ. 

Some  «ulf»te  is  always  formed  by  thin  treatment:  but  the  aqueous  solution  of 
the  melt  will  always  contain  enough  alkali  sulfide  for  any  of  the  above  teats. 


Brhaviitr  of  tlw   Sulfulvx  an   Ignition 

Most  sulfides  remain  unchanged  when  heated  out  of  contact  with 
the  air;  arsenic  and  mercuric  sulfides  sublime. 


*  TTiis  may  also  be  called  para-arnino-dimcthylanibnc  sulfate. 
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The  polysulfides  lose  sulfur,  which  sublimes.  The  sulfides  of  gold 
and  platinum  lose  sulfur,  leaving  the  metal  behind.  All  sulfides  when 
heated  in  the  air  give  off  sulfur  dioxide,  which  cun  be  recognized  by 
its  odor. 

The  Detection  of  Sulfur  in  Non-Electrolytes  is  usually  (•(Tec-lid  liy  heating  the  sub- 
stance in  n  glass  tube  with  metallic  sodium  (cf.  p.  312),  and  testing  the  nqiirmis 
extract  of  the  melt  with  sodium  nitropruwMdt-;  nr,  the  residue  m  the  tulie  rimy  lie 
trrutcd  with  dilute  hydrochloric  acid  and  the  escaping;  gas  tented  with  lead  acetate 
paper  for  hydrogen  sulfide. 

The  following  method  of  testing  for  sulfur  is  very  certain.  It 
depends  upon  the  conversion  of  any  sulfur  present  into  the  sulfate 
ion  which  is  tested  for  barium  chloride  in  hydrochloric  acid  solution. 
(Cf.  p.  431.)  The  best  way  of  converting  the  sulfur  into  sulfuric 
acid  is  to  heat  with  concentrated  nitric  acid  in  a  scaled  tube.  (Carius 
method,  see  Vol.  II)  or,  in  the  case  of  difficultly  volatile  substances 
low  in  sulfur,  by  fusion  with  sodium  peroxide  in  a  nickel  crucible. 
Si  lire,  however,  this  last  oxidation  often  takes  plucc  with  explosive 
violence,  it  is  best  not  to  use  pure  sodium  peroxide,  but  to  mix  it  with 
sodium-potassium  carbonate.  Mix  the  substance  (from  0.1  to  5  gms. 
according  to  the  sulfur  content)  with  ten  times  as  much  sodium- 
potassium  cirboimt.o  and  three  times  as  much  sodium  peroxide  and 
heat  in  a  nickel  crucible,  with  the  crucible  inserted  in  u  disk  of  asbes- 
tos board  to  keep  the  flame  of  the  gas  away  from  the  contents;  if 
this  precaution  is  not  taken  a  little  sulfate  is  obtained  from  the  sulfur 
in  the  gas.  After  cooling  the  melt,  dissolve  it  in  water,  filter,  acidify 
with  hydrochloric  acid  and  test  the  filtrate  for  sulfuric  acid  with 
barium  chloride. 


Sulfur,  S 

M.  Pt.  =:il3.50-119.5°;  B.  Pt.  HUf 

Occurrence.  —  Sulfur  is  found  native  in  volcanic  regions  in  the  form  of  artho- 
rbombia  pyramids,  and  in  the  neighborhood  of  sulfur  waters,  lieing  formed  from 
the  oxidation  of  some  of  thu  hydrogen  sulfide  which  escapes. 

I'reparali/m  ami  Hrtiprrtv*.  —  Like  the  halogens,  sulfur  is  formed  by  the  oxida- 
tion of  iU  hydrogen  compound: 

2Hi« +0,-211*) +  2S. 

By  beating  pnlyjiiilfide*  or  the  sulfide.,  of  the  noble  metals  (gold  and  platinum), 
sulfur  ia  also  obtainrd. 

Sulfur  exists  in  three  ollotropie  moclilirjitions: 

1.  As  OrthorhombU  Sulfur,  with  I  BM 'H  mg-noint  of  U3.S°C.,  obtained  by  cry»- 
talliiation  from  Botutkoi  below  95*. 

2.  As  Uonaeltmc  Sulfur,  irith  a  melting-point  of  119.5*C.,  obtained  by  the 
solidification  of  molten  sulfur. 

3.  As  A  morjihaa*  Sulfur,  obtained  by  quickly  cooluig  the  molten  sulfur  after 
it  luiw  l.iiurni-  viscous  by  beating  to  880*0,  or  after  it  has  become  s  thin  liquid 
after  heating  to  a  higher  temperat'n- 

Monodioifl  sulfur  changes  gradually  inlo  urtliorhombie  octahedrons;  or,  in  other 
the  unv;.  Minn Uriaal  form  change*  into  tin-  j-yinnietrical  form.  This  is  a 
general  phenomenon: 

If  it  subnltiur?  est  at*  in  lint  or  more  erytlalloyraphic  form*.  th<  ""•/ ,  iMIWI ill  tilt 
form  M  (if  way*  the  more  nUihl*,  and  the  tees  Kijmmctriad  always  has  a  tendency  U>  go 
Over  into  Ike  more  tymmttrital  form.  Thus  the  iinsymmctnc.il,  orthorhomhic, 
yellow  mercuric  iodido  is  changed,  by  rubbing  with  a  glass  rod,  into  symmetrical, 
tetragonal,  red  mercuric  iodide  fef.  p.  208);   and,  similarly,  the  orthorhombie  form 

nf  i-:di  nini  i-iirln,n:il.  .  ■ngODltc,  change*  into  In- •-  l^.ill.l i  e.-drite. 

IJoth  of  the  crystalline  modifications  of  sulfur  arc  soluble  m  OBbOl  disulfide; 
and,  by  evaporating  the  solution,  the  sulfur  always  reerystallixes  in  the  form  of 
mil"       'imorphoua  sulfur  is  insoluble  in  carbon  disulfide. 

Commercial  "flowers  of  sulfur"  in  a  mixture  of  crystalline  and  amorphous  sulfur, 
and  therefore  rtly  soluble  in  carbon  disulfide. 

Sulfur  bunts  in  the  itar  to  sulfur  dioxide,  ttd  in  DM  pNMBfla  of  "contact  nb> 
atancca,"  *uch  as  platinum,  oxide  of  iron,  chromic  oxide,  etc.,  it  is  burned  to  sulfur 
(riaXtde  tho.  Consequently  the  gns  from  pyrites  burners  always  contains  a  mixture 
of  tlie  two  gas**. 

Sulfur  is  insoluble  in  water,  but  sntublr  in  hot  caustic  alkali,  forming  a  thkxiulfatc 
and  a  sulfide : 

6  NaOH  +  4  S  -  3  HrO  +  NaAO,  +  2  Na£. 

By  further  actum  oi  uliur  Um  \a«S  is  changed  into  Xa»S»,  NatS,,  etc. 
This  traction  i»  entirely  analogous  to  the  formation  of  hypochlorite  and  chloride 
by  the  action  of  tU  •  Bold  dilute  mlh  alkali: 

9  NaOH  r  CI,  -  BbO  +  NaOCl  +  NaCl. 
300 


SULFIDE  361 

Sulfur  dissolves  on  warming  with  an  alkali  sulfide,  forming  polysulfides: 

NaJ3  +  S-NaA; 
Na«S+4S-NaA. 

Sulfur  is  also  soluble  in  alkali  sulfites,  forming  a  thioeulfate: 
NaJ30,  +  S  -  NaAO,. 

Hot,  concentrated  nitric  acid,  bromine  and  hydrochloric  acid,  aqua  regia  and 
a  mixture  of  potassium  chlorate  and  hydrochloric  acid  gradually  attack  sulfur 
forming  sulfuric  acid. 


Acetic  Acid,  HC:ha 

Acetic  acid  is  found  in  the  sap  of  many  plants,  partly  free  and 
partly  in  the  form  of  its  potassium  or  calcium  salt. 

It  is  formed  by  the  dry  distillation  of  wood  or  by  the  oxidation  of 
aleohoj. 

Anhydrous  acetic  acid  (glacial  acetic  acid)  solidifies  below  +16°  C, 
forming  colorless,  glistening  plates.  It  has  a  penetrating  odor,  simi- 
lar to  that  of  sulfur  dioxide,  and  ia  miseible  with  water,  alcohol,  and 
ether  in  every  proportion.     It.  boils  at  118°  C. 

The  aqueous  solution  reacts  as  a  weak  acid.  The  ionization  con- 
stant at  25°  is  1.8  X  10-*;  in  0.1-nonnal  solution  it  is  a  little  over 
one  per  cent  ionized.  It,  is  a  monohasie  acid,  and  its  salts,  the  acetates, 
are  as  a  rule  readily  soluble  in  water;  the  silver  salt  is  difficultly 
soluble. 

The  most  important  commercial  salts  of  this  acid  are  sodium  ace- 
tate and  lead  acetate  (sugar  of  lead),  Pb(C,HA)«  +  3  H50. 

Neutral  lead  acetate  dissolves  lead  oxide  with  the  formation  of 
soluble  basic  sal  Us: 

Pb(CH,0,)2  +  PbO  -f-  H,0  =  2  Pb  ~  ^ihiO,; 

Pb<C,HA)»  +  2  PbO  =  Ph"  g~  £',;  Z  c-IhIcV 

The  notation*  of  the  soluble  basic  l<*d  acetate*,  o»  well  an  that  of  neutral  iead 
acetate,  yield  precipitate*  of  lead  carbonate  when  acted  upon  by  carbon  dioxide. 
Tor  this  reason  turbid  solutions  are  often  obtained  whim  these  salts  are  dissolved  in 
distilled  water,  bMMM  'he  latter  frequently  contains  carbonic  acid.  If  ft  drop  of 
acetic  acid  ie  added  to  the  turbid  solution  the  precipitate  disappears  at  once. 


Reaction*  in  the  Wet   Way 

Use  a  solution  of  sodium  acetate  for  the  following  reactions: 

1.  Dilute  Sulfuric  Acid  sets  acetic  acid  free  from  its  salts;  it  is 
quite  volatile  and  can  be  recognized  by  its  odor. 

2.  Concentrated  Sulfuric  Acid  also  sets  acetic  acid  free.  If  alcohol 
is  added  at  the  same  time  and  the  mixture  warmed,  ethyl  acetate  is 
formed, 

HCtH  A  +  C,H»OH  =  H,0  +  C,H»  •  C*HA, 

EthylnatUts 

which  can  be  recognized  by  its  pleasant,  fruity  odor. 
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3.  Silver  Nitrate  produces,  in  fairly  concentrated  solutions,  a  white 
crystalline  precipitate  of  silver  acetate  (100  parts  of  water  dissolve 
1.04  parts  at  20°  C.  and  2.52  parts  at  80°  C). 

4.  Ferric  Chloride  colors  neutral  solutions  dark  brown,  and  by 
boSing  the  diluted  solution,  all  the  iron  is  precipitated  as  basic  acetate 
(cf.  p.  158). 

5.  Mercurous  Nitrate  produces  a  white  precipitate  of  mcrcurous 
acetate: 

H&++  +  2  CtBUV  -  HfelCAO,).. 

One  gram  of  the  acetate  dissolves  in  133  cc.  of  water  at  15°.     The 
precipitate  i*  much  more  soluble  in  hot  water  and  on  cooling  it  crystal- 
lizes out  again,  appearing  gray  because  of  slight  reduction  in  the 
neutral  solution.     Mercurous  acetate  dissolves  in  an  excess  of  im-i 
curous  nitrate  solution. 

6.  Lead  Oxide,  PbO,  on  bring  heated  with  dilute  acetic  acid  is 
dissolved  and  if  an  excess  of  the  oxide  is  used,  the  solution  contains 
basic  lead  acetate  and  reacts  alkaline;  on  cooling  no  crystals  are 
obtained. 

7.  Mercuric  Chloride  gives  no  precipitation  (difference  from  formic 
acid). 

Reactions   in    the  Dry   Way 

All  acetates  are  decomposed  on  ignition,  leaving  behind  either  the 
r!irl>iin.-ili;,  oxide,  <>r  the  metal  itself,  urid  with  the  evolution  of  BOH* 
bustible  vapors  and  gases. 

The  acetates  of  the  alkalies  are  decomposed  into  carbonate  and 
acetone: 

2  NaCH,0,  =  NaaCO,  +  (CH,),CO. 

The  acetates  of  the  alkaline  earths  always  leave  the  metal  in  the 
form  of  its  oxide,  while  the  acetates  of  the  noble  metals  leave  a  resi- 
due of  the  metal  itself. 

Cacc-dyl  Reaction.  —  If  a  dry  acetate  (best  an  alkali  acetate)  is 
heated  with  arsenic  trioxide,  a  very  repulsive-smelling  and  extremely 
poisonous  gns  is  formed,  called  cacodyl  oxide: 

4  NaC,H,0,  4-  Aa,0,  —  2  Na,CO,  4-  ((CH,),As),0  4-  2  CO,. 

In  spite  of  the  sensitiveness  of  this  test,  it  cannot  always  be  relied 
on,  for  many  other  organic  acids,  such  as  butyric  and  valerianic  acids, 
give  similar  reactions. 


CYANIC  ACID,  HCNO 

This  very  unstable  acid  is  obtained  by  heating  its  polymer,  cyan- 
uric  acid,  (HCNO)jj  it  ia  a  colorless  liquid  with  a  very  penetrating, 
disagreeable  odor,  which  immediately  decomposes  in  aqueous  solution, 
forming  ammonium  bicarbonate. 

HCNO  +  2H.O-.  HCO,NH,  +  H,()  —  NHJfCO,. 

CWbrunic  aeitl 

The  salts  of  cyanic  acid,  the  cyanates,  arc  much  more  stable  than 
the  free  acid,  and  may  be  obtained  by  the  oxidation  of  cyanides. 

By  .- imply  fusing  potassium  cyanide  in  the  air,  perceptible  quan- 
tities of  potassium  eyanate  are  formed.  If,  however,  potassium 
cyanide  is  heated  with  oxidizing  substances,  or  those  which  can  be 
readily  reduced,  it  is  easy  to  change  the  cyanide  completely  over  to 
eyanate.  The  cyanates  of  the  alkalies  are  stable  in  the  dry  state, 
but  take  on  moisture  from  the  air  and  are  gradually  changed  into 
alkali  bicarbonate  and  ammouiu: 

KCNO  +2H.O=  KHCO,  +  NH,  f  . 

Solubility  of  Cyanalea.  —  The  cyanates  of  the  alkalies  and  alkaline 
earths  are  soluble  in  water.  Silver,  mercurous,  lead,  and  copper 
cyanates  arc  insoluble  in  water.  All  cyanates  are  soluble  in  nitric 
acid. 

Reaction*  in  thu   Wttl   Way 

Use  a  freshly-prepared,  cold  solution  of  potassium  eyanate  for  these 
reactions. 

1.  Dilute  Sulfuric  Acid  immediately  sets  cyanic  acid  free,  which 
decomposes  into  ammonium  salt,  and  carbon  dioxide: 

CNO~  4-  H*  -» HCNO;  HCNO  +  2  H,0  -  NH«+  +  HOV; 
HCOr  +  H+  -  BjO  +  CO,. 

Consequently  a  strong  evolution  of  carbon  dioxiilo  takes  place  on 
adding  the  sulfuric  acid.  The  carbon  dioxide  always  contains  small 
amounts  of  undecomposed  cyanic  acitl.  which  is  recognizable  by  its 
very  penetrating  odor.  The  sulution  will  contain  ammonium  sulfate; 
if  it  is  warmed  with  caustic  soda,  ammonia  will  be  given  off. 

2.  Concentrated  Sulfuric  Acid  I  uilarly. 
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3.  Silver  Nitrate  precipitates  white,  curdy  silver  cyanatc, 

KCNO  +  ArNO,  =  KNO,  +  AgCNO, 

soluble  in  ammonia  and  in  nitric  acid  (difference  from  silver  cyanide). 

4.  Barium  Chloride  produces  no  precipitation. 

5.  Cobalt  Acetate  is  colored  azure  blue  by  a  solution  of  potassium 
eyanate.  The  blue  potassium  cobaltocyanate,  K»[Co(CNO)4j,  dis- 
covered by  Blomstrand,*  is  formed  by  this  reaction,  and  is  obtained 
in  the  form  of  tetragonal   crywtaln  of  a  dark  azure-blue  color. 

This  blue  compound  dissolves  in  water  with  a  blue  color.  If,  however,  it  is 
subjected  to  the  action  of  considerable  water,  the  color  disappears,  the  double 
salt  being  dissociated  into  it*  component*: 

K,|Co(CNO),|  f»Co(CNO),  +  2KCNO. 

II  more  potiuwium  eyanate  is  added  to  the  solution,  which  ban  become  colorless, 
the  blue  color  reappears.     The  same  result  is  reached  by  adding  alcohol. 

Almost  all  commercial  potassium  cyanide  contains  some  eynnntc 

In  order  to  detect  the  presence  of  eyanate  in  the  commercial  salt,  the  eyanide 
must  first  be  expelled,  for  the  cobalt  teat  doeu  not  take  place  in  the  presence  of 
cyanide. 

According  to  E.  A.  Schneider,  t  the  tort  is  made  as  follow*: 

Dissolve  3  to  5  kii».  of  the  potassium  cyanide  in  30  to  50  cc.  of  cold  water  and 
pas*  carbon  dioxide  into  the  solution  for  60  to  (mi  minutes;  tin-  hydrocyanic  avid 
is  expelled,  and  potassium  bicarbonate  is  formed,  while  the  potassium  eyanate  is 
not  affected  perceptibly: 

KCN  +  H,CO,  -  HCN  T  +  KHCO,. 

Take  1  ce.  of  the  solution,  add  25  cc  of  absolute  alcohol  (to  precipitate  potassium 
bicarbonate)  and  filter.  Treat  the  alcoholic  till  rule  with  a  few  drops  of  uceUo 
acid  and  then  odd  a  few  drops  of  alcoholic,  cobalt  acetate  solution. 

If  the  original  cyanide  contained  0.5  per  cent  of  potassium  eyanate,  thrvblue  color 
can  be  distinctly  rccognijed,  but  :ilkuli  t}ii««'v;uiatc*  «ivc  the  same  reaction. 


•  Journal  fOr  prakti*cht  Chtmie  [2],  3,  206. 
f  Bo-.,  1896,  p.  1540. 


Hypophosphorous  Acn>,  HiPOs 

Hypophosphorous  acid  is  obtained  by  the  decomposition  of  its 
barium  salt  with  sulfuric  acid,  or  of  its  calcium  salt  with  oxalic  acid. 
It  is  a  sirup  in  concentrated  solutions,  and,  like  phosphorous  acid,  is 
changed  on  heating  out  of  contact  with  the  air  into  phosphoric  acid 
and  spontaneously  inflammable;  pbosphinn  gas.  Tin1  arid  is  mono- 
basic, and  is  a  moderately  strong  acid  although  only  one  of  the  hydro- 
gen atoms  is  replaceable  by  metals.  The  salts  of  hypophosphorous 
acid  are  obtained  by  boiling  phosphorus  with  dilute  alkali,  whereby 
phosphine  is  given  off: 

2  P,  +  3  Ba(OH)3  +  6  HtO  =  3  Ba(H»PO,)t  +  »  PHj  t  J 
P4  +  3  KOH  4-  3  H,0  =  3  K(H,PO,)  +  PH,  T  • 

The  phosphine  thus  obtained  is  spontaneously  combustible  owing 
to  the  presents  of  small  quantities  of  liquid  phosphine,  15jH«;  it  is, 
however,  mixed  with  considerable  hydrogen  because  the  alkali  reacts 
upon  the  alkali  hypophosphite  with  evolution  of  hydrogen.  See  No. 
6,  below. 

SolubUity  of  Hypophosphitea.  —  All  hypophosphites  are  soluble  in 

water. 

Reactions  in  the  Wet  Way 

1.  Dilute  Sulfuric  Acid.  —  No  reaction. 

2.  Concentrated  Sulfuric  Acid  reacts  with  hypophosphitea  only  on 
warming,  and  is  reduced  to  sulfur  dioxide,  which  can  be  recognized 
by  its  odor. 

3.  Silver  Nitrate  gives  white  silver  phosphite  which,  even  at  room 
temperature,  is  reduced  to  metallic  silver,  sometimes  with  and  some- 
time* without  the  evolution  of  hydrogen,  according  to  the  relative 
•mounts  of  the  substances  reacting: 

2  H,POT  +  2Ag+  +  4  H,()  —  2  H,PO«  +  2  Ag  +  3H,  ]  , 
H.POT  -f  4  Ag+  +  2  H,0  —  H,PO,  +  4  Ag  +  3  H+. 

4.  Barium  Chloride,  Calcium  Chloride  and  Lead  Acetate  causes  no 
precipitation. 

5.  Copper,*  Mercury,  and  Gold  Salts  are  reduced  to  metal. 

•  With  copper  the  reduction  mav  tP  «>  far  'hat  copper  hydride  is  formed.  Cf. 
Winers,  Compt.  rt*d.,  18,  102. 
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6.  Concentrated  Caustic  Potash.  —  By  boiling  with  concentrated 
caustic  alkali,  the  hypophosphites  are  oxidized,  with  evolution  of 
hydrogen,  to  phosphates: 

H jPOT  +  2  OH"  -*  POT  ~  "  +  2  H,  T  • 

7.  Zinc  in  dilute  sulfuric  acid  solution  reduces  hypophosphorous 
acid  to  phosphine  (see  Phosphorous  Acid). 

8.  Mercuric  Chloride  added  in  excess  to  a  hot  solution  causes  pre- 
cipitation of  mercurous  chloride: 

4HgCU  +  HJPOT  +  2H20-»2Hg,Cl,  +  3H+  +  HJ»0«  +  4CT. 

9.  Ammonium  Molybdate  and  a  few  drops  of  sulfurous  acid  solution 
give  a  dark  blue  precipitate  or  a  blue  color.  This  very  sensitive  re- 
action is  hindered  by  the  presence  of  hydrogen  sulfide,  thiosulfate, 
chlorate  and  stannous  chloride. 

Reactions  in  the  Dry  Way 

By  ignition  phosphate  and  phosphine  are  obtained : 
2H,PO,-HJ>0«  +  PHlT; 
4NaH,P01-»Na4P,07  +  HlOT  +2PH,T; 
2  Ca(HaPO,),  -♦  Ca*P,0,  +  H,0  T  +  2  PH,  T . 


IYDRAZOIC    ACID,    HN, 

Hvdrnznic  arid  is  a  colorless,  mobile  liquid  with  nn  odor  like  that  of  phosphine. 
Its  constitution  may  be  represented  by  the  foniiuln 

H-  N  -  N 

Its  vapors  attack  the  mucous  membrane  and  explode  violently  when  brought  in 
contact  with  a  flame  The  aqueous  solution  ia  colorless  and  the  acid  ia  of  approxi- 
mately the  same  strength  aa  acetic  acid,  having  the  ionization  constant  1.9  X  10-* 
at  25°.  The  Malta  of  this  acid  are  called  asides.  Moreover,  just  ns  chlorine  ran  be 
made  to  replace  the  OH  group  of  an  organic:  acid  to  fonn  an  acid  chloride,  similarly 
the  aside  group  may  !»■  mir.nliiir.i  huttld  ol  thl  oil  of  the  earboxyl  radical,  form- 
inn  organic  nziile*. 

Ilydraioic  acid  and  all  of  the  axides  are  more  or  Ins  explosive  so  that  work  with 
them  is  not  unattended  with  danger.  On  heating,  or  1  >y  percussion,  very  violent 
explosions  are  obtained. 

Hydrazoie  acid  dissolves  metals  with  the  formation  of  asides  and  evolution  of 
hydrogen 

•■JllN'1  +  Zn-Zn(>J,),  +  H,r, 

hut  a  part  of  the  hydraioic  acid  ia  reduced  to  hydrazine,  NIIi  'NH»,  and  ammonia: 

3  Zn  +  7  HN.  -» 3  Zn(N,),  +  XH,  |  +  N.H.. 

Other  reducing  agents  accompli -li  >lii>  formation  of  ammonia  and  hydrazine. 
Oxidizing  agenta,  especially  iodine,  cause  the  formation  of  nitrogen  gas : 

2HN»+Ii-»2H!  +»NiT- 

Ceric  salts  are  well  suited  to  cause  decomposition  of  hydrazoic  acid;  cerousnalla  and 
nitrogen  arc  obtained.  Fuming  hydriodic  acid  causes  the  formation  of  nitrogen, 
ammonia  and  iodine : 

HN, +2HI^N,T+NH,+I„ 

Most  aaidca  aro  soluble  in  water. 


Reactions  in  the   Wet   Way 
I.   Silver  Nitrate  in  neutral  solution  gives  a  white  precipitate  of 


silver  a/i.lc: 


Ag*+N,--*AgN,. 


The  precipitate  resembles  silver  chloride  in  appearance  but  it  is  soluble 
in  dilute  nitric  acid. 

2.  Mercurous  Nitrate  ind  Lead  Nitrate  cause  similar  aside*  to 
precipitate. 

3.  Ferric  Chloride  saves  a  characteristic  red  coloration. 
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Silver  Nitrate  produces  a  white  precipitate,  soluble  in  nitric  acid. 
Barium  Chloride  does  the  same. 

SULFUROUS  ACID,  H*SO, 

Occurrence  and  Preparation.  —  Sulfur  dioxide,  the  anhydride  of  sul- 
furous  acid,  is  found  in  the  exhalations  of  active  volcanoes,  and  is 
formed  by  the  combustion  of  sulfur  ur  sulfides  in  the  air. 

S  +  O,  -  SO,  f  , 

4FeS,4-llO,  =  2FesOj  +  8SO,T. 

or  by  the  reduction  of  sulfuric  acid  on  heating  with  sulfur,  sulfides, 
carbon,  organic,  substances,  and  metals: 

2  HjSO«  +  S  =  2  HiO  +  3SOj  t  ; 
2  H,SO,  +  C  =  2  H,0  +  CO,  T  +  2  SO,  T  ; 
2  H,SO<  +  Cu  =  2  H,0  +  CuS04  +  SO,  t  • 

Mercury,  silver,  tin,  etc.,  act  the  same  as  copper. 
Sulfur  dioxide  is  also  formed  by  the  decomposition  of  sulfites  and 
thi08ulfut.es  with  stronger  acids: 

Na,SO,  -I-  H,SO,  =  Na,SO,  4-  H,0  +  SO,  |  ; 
Na,S,0,  +  H,SO,  =  Na,SO«  +  S  +  11,0  4-  SO,  f  . 

Sulfurous  acid  may  be  prepared  for  laborator>*  purposes  by  placing 
a  cojii'i'iii  rated  solution  of  sodium  bisulfite*  in  a  flask  and  allowing 
concentrated  sulfuric  acid  to  drop  upon  it,  A  steady  strewn  of  sulfur 
liioNiik  will  In- evolved  without  warming. 

Sulfur  dioxide  1  m  colorless  gas,  having  the  penetrating  odor  pecu- 
liar to  burning  sulfur,  and  is  readily  soluble  in  water  and  alcohol: 
one  vol.  water  it  15°  C.  dissolves  45.36  vol.  SO,;  one  vol.  alcohol  at 
15*  C.  dissolves  I  Ifl  vol.  SO,. 

The  aqueous  solution  contains  sulfurous  acid,  H,SO,.  The  acid 
cannot  be  isolated,  as  it  decomposes  on  evaporation  into  water  and 
sulfur  dioxide;  consequently  the?  free  acid  is  known  only  in  aqueous 
solution.  It  is  an  acid  of  moderate  Strength  having  an  ionization 
constant  of  1.7  X  10"*  for  the  primary  ionization  and  of  5  X  10-4 
for  the  secondary  ionization.  By  neutralization  of  this  solution  with 
alkali  hydroxides  or  carbonates,  the  eotnparatively  stable  sulfites  are 
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obtained.     In  solution,  sulfites  are  gradually  oxidized  to  sulfate*  by  dis- 
solved oxygen. 

Solubility  oj  Sulfites. — The  sulfite  (if  Liu;  alkalies  arc  readily 
soluble  in  water;  the  remaining  sulfites  are  difficultly  soluble  or  in- 
soluble in  water,  but  are  all  soluble  in  hydrochloric  acid. 


Reactions  in   the   Wet   Way 

1.  Dilute  Sulfuric  Acid  evolves  sulfur  dioxide,  in  the  cold,  from  all 
sulfites,  the  gas  being  easily  recognized  by  its  odor. 

2.  Concentrated  Sulfuric  Acid  reacts  in  the  same  way,  but  much 
more  energetically. 

3.  Silver  Nitrate  produces,  in  neutral  solutions  of  sulfites  or  in  an 

aqueous  solution  of  aulfurous  acid,  a  white  crystalline  precipitate  of 

stiver  sulfite, 

SOJ--  +  2Ag+->A&SOJ, 

soluble  in  an  excess  of  alkali  sulfite,  forming  sodium  argentisulfite: 

AfeSO,  +  Na,SO,  =  2  Na[AgSO,] 

By  boiling  this  solution  the  silver  is  precipitated  as  a  gray  metal: 

2  (AgSO,)"  —  SO«_  -  +  SO,  t  +  2  Ag. 

If  water  containing  silver  sulfite  in  suspension  is  boiled,  half  the 
silver  is  reduced  to  metal,  while  the  other  half  goes  into  solution  as 
sulfate: 

2  AgjSOj  -*  Ag,SO«  +  SOj  T  +  2  Ag. 

Silver  sulfite  is  soluble  in  ammonia  and  in  nitric  acid. 

4.  Barium  Chloride  produces  no  precipitation  in  an  aqueous  solu- 
tion of  sulfuroua  acid,  but  in  neutral  sulfite  solutions  white  barium 
sulfite  is  precipitated, 

SO,--  +  Ba++— B«SO„ 

readily  soluble  in  cold,  dilute  nitric  acid.  By  boiling  the  solution, 
barium  sulfate  is  formed  slowly  atul  separates  out.  As  sulfites  in 
aqueous  solution  gradually  change  to  sulfates,  conimtniul  sulfites 
usually  contain  Bulfatc.  In  this  case  the  precipitate  produced  by 
barium  chloride  in  acid  solution  is  barium  sulfate,  which  is  insoluble 
in  dilute  nitric  or  hydrochloric  acid.  If  the  barium  sulfate  is  filtered 
off  and  the  filtrate  is  treated  with  chlorine  or  bromine  water,  another 
white  precipitate  of  barium  sulfate  is  formed,  provided  a  sulfite  was 
originally  present: 

SO,""  +  CI,  +  Ba~  +  HiO  —  2  B*  +  2  CT  +  BaSO*. 


8ULFUR0US  ACID  371 

5.  Strontium  and  Calcium  Salts  l>chavc  similarly  to  the  barium 
salt. 

The  sulfites  of  the  alkaline  earths  vary  in  their  solubilities  in  sul- 
furous  acid  and  in  wutcr. 

Calcium  sulfite  readily  dissolves  in  an  excess  of  sulfurous  acid, 
forming  calcium  bisulfite: 

CaSO,  +  H,SO,  =  Ca(HSO,),. 

On  boiling  this  solution,  sulfur  dioxide  escapes,  and  calcium  sulfite 
its  reprecipitated. 

The  strontium  salt  also  dissolves  in  sulfurous  acid,  but  more  diffi- 
cultly;   the  barium  salt  is  practically  insoluble  in  sulfurous  acid. 

Solubility  op  the  Alkaline-earth  Sulfites  in  Water 

One  gram  caloiuin  NulfUe  dissolves  in  800  cc.  wnt^r  at  18s  C. 
One  gram  strontium  sulfite  dissolves  in  30,000  cc.  water  at  18°  C. 
One  gram  barium  sulfite  dissolves  in  46,000  cc.  water  at  18"  C. 

Advantage  is  taken  of  the  difficult  solubility  of  strontium  sulfite 
in  detecting  sulfurous  acid  in  the  presence  of  thiosulfuric  acid  (which 
see). 

6.  Lead  Salts  precipitate  white  lead  sulfite,  soluble  in  cold  dilute 
nitric  acid;   but  on  boiling  the  solution  lend  sulfate  is  precipitate  I. 

7.  Sodium  Nitroprusside  and  Zinc  Sulfate.  —  If  a  neutral  sulfite 
solution  is  treated  with  a  dilute  solution  of  sodium  nitroprusside,  a 
faint  pink  coloration  is  produced.  If,  however,  considerable  zinc  sul- 
fate is  added,  the  coloration  becomes  a  distinct  red.  The  reaction  is 
stilt  more  sensitive  if  a  little  potassium  ferrocyanide  is  added,  a  red 
precipitate  being  formed  (difference  from  thiosulfuric  acid).  This 
reaction,  although  very  delicate,  is  not  ao  reliable  as  the  precipitation 
with  strontium  chloride. 

Sulfurous  acid  is  a  strong  reducing  agent. 

8.  Iodine  Solutions  are  decolorised  by  sulfurous  acid : 

SO," "  -+-  H,0  +  I,  —  2  H+  -»-  2 1~  +  SOr-. 

Chlorino  or  bromine  water  causes  a  similar  reaction. 

9.  Acid  Potassium  Permanganate  Solutions  are  also  decolorized, 
sulfuric  and  dithionic  acids  being  formed  in  varying  amounts  accord- 
ing to  the  temperature  and  concentration. 

Under  certain  conditions  the  reaction  can  take  place  according  to 
the   following   equations: 

2  MnOr  +  6  SO,"  "  +  8  H+  -♦  2  Mn++  +  4  SO*"  "+  S,Or~  +  4  HsO. 
Under  other  conditions,  however,  the  sulfurous  acid  can  be  com- 
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pletely  oxidized  to  sulfuric  acid.     Consequently,  sulfurous  acid  cannot 

In-  determined  quantitatively  by  1110:1ns  of  polassiuni  permanganate. 

10.  Chromic  Acid  is  reduced  to  green  ohromfo  salt: 

2  CrOr  "  4-  3  SO,"  ~  +  10  H+  —  2  Cr^  +  3  8O4"  "  *f  6  H,0. 

11.  Mercuric  Chloride  is  unaffected  by  sulfurous  acid  at  ordinary 
temperatures;   lint,  on  boiling,  it  is  reduced  to  inercurous  chloride, 

2  HgCU  +  SO," '  +  H,0-.2H*+2('I    +  BO*" "  4-  HgjCl,, 

and  on  adding  more  sulfurous  acid,  the  mercurous  salt  is  reduced  to 
gray  metal. 

12.  Mercurous  Nitrate  is  immediately  acted  upon  by  free  sul- 
furous acid  and  by  alkali  sulfite  solutions,  with  the  formation  of  a 
black  precipitate. 

13.  Gold  Solutions  are  also  reduced. 

14.  Zinc,  m  dilute  hydrochloric  acid  solution,  reduces  sulfurous  acid 
to  hydrogen  sulfide,  which  can  be  recognized  by  its  odor  and  by  its 
turning  load  acetate  paper  black.  Zinc  and  aqueous  sulfurous  acid 
also  react  to  form  hydrosul/urous  acid,  H:S»0«.  a  very  strong  reduc- 
ing agent: 

Zn  4-  2  SO*-  "  +  6  H+  —  Zn++  4-  HAO.  4-  2  H,0. 

15.  Hydrogen  Sulfide  decomposes  sulfurous  acid  in  dilute  solutions. 
The  principal  reaction  may  be  expressed  by  the  equation: 

B&Ob  4-  2  HSS  -» 8  HsO  4-  8  S, 

but  pentathionic  acid,  HjSbOo,  and  possibly  other  thionic  acids,  may 

In-  inimi'd  at  the  same  ti 

5  H,SO,  4-  6  H&  -*  IIAO,  4-  9  H,0  4-  5  S. 

Reactions  in  the  Dry  Way 

The  sulfites  of  the  alkalies,  when  heated  out  of  contact  with  the 
air,  are  changed  to  sulfate  and  sulfide: 

4  If ajSO,  -t  3  Na,SO,  4-  NajS. 

By  heating  an  alkali  sulfite  in  the  closed  tube  this  reaction  takes 
place,  and  there  is  no  sublimate  of  sulfur  ( cliff ■■'■■  HOB  ffODl  ihiosul- 
-.  If  1  he  melt  is  treated  with  hydrochloric  acid  after  cooling, 
hydrogen  sulfide  is  given  off  freely. 

The  remaining  sulfites  are  changed,  on  being  heated  out  of  contact 
with  the  air,  into  sulfur  dioxide  and  oxide  or  metal; 

CaSO,  -  CaO  4-  SOi  T  ; 
2  Ag,SO,  =  4  Ag  4-  2SO,  T  +  O, T  . 
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If  a  sulfite  is  heated  with  sodium  carbonate  on  charcoal,  sodium 
sulfide  is  formed.  If  the  melt  is  placed  upon  a  bright  silver  coin  and 
moistened  with  water,  the  silver  is  blackened,  owing  to  the  formation 
of  black  silver  sulfide  (Hepar  reaction) : 

2Na,SO,  +  3C  =  3  CO*  f  +  2  Na,S, 
and 

2Na,S  +  4Ag  +  2H,0  +  0,  -  4 NaOH  +  2 Ag,S. 

This  Hepar  reaction  takes  place  with  all  sulfur  compounds,  and 
therefore  shows  simply  the  presence  of  sulfur.  The  oxygen  required 
in  the  above  reaction  is  obtained  from  the  atmosphere. 


Carbonic  acid,  H2C03 


Like  sulfurous  acid,  pure  carbonic  acid  does  not  exist;  it  is  known 
only  in  aqueous  solution.  Its  anhydride,  CO»,  is  formed  by  the  com- 
bustion of  carbon  and  of  carbonaceous  matter  of  all  kinds,  and  is  found 
therefore  very  widely  distributed  in  nature  (in  small  amounts  in  the 
atmosphere,  and  in  enormous  amounts  in  volcanic  regions,  streaming 
out  from  fissures  in  the  carthj. 

Pure  air  contain*  0.36-O.40  per  cent  of  CO,.    In  dwelling  places  the  amount 

ni.'i.   .   '••   .  ■•!!.  i'l«T.'iUv     ov.niK    I"   hmthiriK  »'k!    "tliri    lorm.-.    ..i"   mmlmnion,      If    3 

or  4  per  cent  is  present,  n*  in  the  caste  in  mine*  sometimes,  breathing  become*  diffi- 
cult, and  the  miners'  lamp  begins  to  burn  faintly. 

Carbon  dioxide  occurs  also  in  many  mineral  waters,  and  (in  the 
liquid  state)  h  found  enclosed  in  quartz,  feldspar,  etc.  As  carbonate 
it  exists  in  enormous  quantities  as  limestone,  marble,  aragonite,  dolo- 
mite, etc.  Carbon  dioxide  is  a  colorless,  odorless,  slightly  acid-tast- 
ing gas,  with  sp.  (jr.  1.52.  Being,  therefore,  one  and  one-half  times  as 
heavy  as  air,  it  can  be  poured  from  one  vessel  into  another.  Carbon 
dioxide  does  not  support  combustion;  a  burning  candle  goes  out  in 
air  containing  8  to  10  per  cent  of  this  gas.* 

Curtain  dioxide  una  is  not  very  soluble  in  water.  At  15°  and  760  mm.  pressure, 
1  liter  of  water  dissolves  its  own  volume  of  gas.  At  higher  temperature*  it  is  leas 
soluble  and  it  is  easy  to  expel  carbon  dioxide  from  a  solution,  In  the  aqueous  solu- 
tion, the  following  equilibria  exist 

CO,  +  ftO  ct  HiCOi  ja  H+  +  HOOT; 
HCO,-  z=t  H+  +  CO, — . 

The  ionixation  constant  for  the  primary  ionixation  of  carbonic  acid  is  0.0>3  and  for 
the  secondary  ionixation  it  is  0.n„,7.  Ansirding  to  these  values,  the  primary  ioniia- 
tion  of  carbonic  acid  takes  place  to  about  n.l  per  cent  nnd  there  in  present  in  a  liter 
of  saturated  carbon  dioxide  solution  nt  15"  only  about  0.0008  mole  of  hydrogen 
ions.  The  secondary  ionixation,  u|>on  which  the  quantity  of  CO,  ions  present 
depends,  takes  place  only  to  a  negligible  extent. 

When  a  strong  acid  is  added  to  the  solution,  even  the  primary  ionixation  of 
carbonic  acid  is  repressed  almo.it  completely.  Similarly,  when  hydrogen  ions  are 
added  to  a  carbonate,  carbon  dioxide  is  formed,  even  with  acetic  acid,  and  the 
carbon  dioxide  in  easily  cxjicllcd  by  heating.  Hydrocyanic  add,  hydrogen  sulfide 
and  boric  ncid  arc  the  only  common  acids  that  do  not  decompose  carbonates. 


•Carl... n  ilioxiil.'  not  only  fails  to  support  combustion,  but  it  tends  to  prevent  it; 
hence  its  use  in  fire  extinguisher*.  Being  formed  by  the  combustion  of  carbon,  the 
mass-action  principle  shows  that  it  will  tend  to  stop  the  reaction  much  better  than 
an  inert  gas. 
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The  salts  of  carbonic  acid,  the  carbonates,  are  formed: 

1.  By  passing  carbon  dioxide  gas  into  a  solution  of  a  metallic 
hydroxide: 

2  NaOH  +  CO,  -  H,0  +  N*CQ,; 

Ba(OH),  +  CO,  =  H,0  +  BaCO,. 

2.  By  the  action  of  carbon  dioxide  upon  cyanides,  sulfide*,  and 
borates  of  the  alkalies  and  alkaline  earths. 

3.  By  the  ignition  of  salts  of  organic  acids  (cf.  p.  84). 

An  illustration  of  the  preparation  of  large  amounts  of  carl»onate 
is  the  production  of  potash  by  burning  parts  of  plants  (wood,  for 
example,  or  the  residue  from  the  manufacture  of  beet  sugar,  the  latter 
being  particularly  rich  in  potassium  Halts).  • 

Solubility  of  Carbonates.  —  Of  the  normal  carbonates,  only  those  of 
the  alkalies  are  soluble  in  water;  and  their  aqueous  solutions  react 
alkaline,  owing  to  hydrolytic  decomposition: 

Na^CO,  +  H,0  *±  2  Na+  +  OH"  +  HCO," 

The  aqueous  solution  of  the  carlxmates  of  the  alkalies,  therefore, 
behaves  as  if  it  were  a  solution  of  caustic  alkali  and  alkali  bicarbonate. 

Many  carbonates  dissolve  in  an  excess  of  carbonic  acid,  forming 
bicarbonates,  particularly  the  alkaline-earth  carbonates: 

CaCO,  +  H,CO,  =  Ca(HCO,),. 

By  boiling  a  solution  of  calcium  bicarbonate,  the  latter  is  decom- 
posed into  water  and  carbon  dioxide,  and  calcium  carbonate  is  reprc- 
cipitated : 

Ca(HCO,),  =  H.0  +  CO, !  +  CaCO,. 

Nearly  all  samples  of  drinking-water  contain  calcium  or  magne- 
sium bicarbonate;  they  become  turbid,  therefore,  on  boiling  (boiler 
scale).  Dilute,  cold  mineral  acids  decompose  nil  carbonates  with 
effervescence  (due  to  evolution  of  carbon  dioxide  gas). 

The  native  carbonates  of  magnesium  and  iron  (magnesitc,  sidcrite, 
and  dolomite)  do  not  effervesce  if  a  lump  of  the  mineral  is  (ratted 
with  cold  dilute  mineral  acids,  but  when  reduced  to  a  fine  powder 
they  arc  more  readily  acted  upon ;  on  warming,  all  carbonates  dissolve 
readily  in  acid. 

Reaction*  in  the  Wet  Way 

1.  Dilute  Sulfuric  Acid  decomposes  all  carbonates  with  efferves- 
cence; except  with  magnceite,  siderite,  and  dolomite,  the  reaction 
takes  place  in  the  cold. 
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A*  the  iil[ii'.:;|)ln  n  iluii.  i  niituLus  earbon  dioxide  gas,  particularly  in  a  laboratory 
where  many  gas  flames  lire  burning,  considerable  caution  in  iinvxtnv  in  testing 
for  a  small  quantity  of  carbonic  acid.  In  the  first  place,  if  the  substance  docs 
not  cffervcacc  with  acid,  there  is  ng  need  to  make  the  test.  Moreover,  carbon  diox- 
ide is  odorless  and  it  is  absurd  U>  think  Kbit  effervescence  implies  the  presence  of  a 
rarbonatc    "Inn    I  lie   escaping   gns   has   tlie   odor  of   hydrogen   sulfide  or  sulfur 

dioxide. 

A  simple  method  of  tenting  is  a*  follows:  Place  about  1  grn.  of  the  powdered 
solid  in  a  ti'st-tubr,  rover  if  with  ulmiit  Mice  of  water  itud  boil  furnlmiit  a  minute 
This  serves  to  expel  the  air  from  the  substance  and  from  the  water.  Add  a  little 
6- normal  hydrochloric  acid  and  watch  cloudy  to  re  i(  I  here  is  any  sign  of  effer- 
vescence. If  there  is  effervescence  DOtdot  whether  the  MKMtyillg  gns  lias  any  odor. 
I)ip  i wo  utirriiig  r»d>  into  barium  hydroxide  solution,  place  one  of  the  rods  ln-lwir-n 
the  second  and  third  finger  and  the  other  between  the  third  and  fourth  and  hold 
one  of  the  rods  inside  the  test-tub©,  without  touching  'he  sides,  and  the  other  rod 
outside.  If  u  carbonate  is  present,  the  barium  hydroxide  on  the  rod  i 
lest  tube  will  becoiiio  turbid  faster  than  that  on  the  rod  held  in  the  air.  This  test 
in  of  no  value,  however,  in  the  presence  of  a  sulfite  which  will  also  cause  barium 
hydroxide  to  become  tarMd. 

Tin  abovi-  t'.-t  ii.-itur.'illy  fails  to  . !■- 1 « -c- 1  tracer  of  enrbonnte  with  certainty,  but 
it  is  satisfactory  for  all  ordinary  work  except  when  u  sulfite  is  present.  To  detect 
traces  of  carbonate,  even  in  the  presence  of  n  sulfite,  the  following  procedure  is 
useful.  Fit  a  1 1 M »  ei-  tl:i„k  with  a  rubber  stopper  containing  two  holes.  Through 
one  hole  insert  a  amall  dropping  funnel  so  that  it  reaches  nearly  to  the  bottom  of 
the  flank.  Through  the  oUmi  Ii  >b-  iDMrt  I  right-angled  glass  tube  which  serves  to 
lend  the  escaping  gns  to  it  scrund  flask,  containing  about,  5  gms.  of  chromic  acid 
■ahydride,  Crl  '.,  dissolved  Eo  a  little  (rata  and  26  ec.  of  6-normnl  sulfuric  acid. 
This  will  serve  to  oxidize  any  siilfuroiin  acid  or  hydrogen  sulfide  that  may  bo  set 
free.  Arrange  the  tubes  in  this  second  Hask  no  that  the  gas  passes  down  to  the 
bottom  of  the  -nl  ii  I  ion  and  lw>V1  I  the  Sol  through  :»n  i  «il  Mil"  winch  just  reaches 
In  low  the  rutilwr  stopper.  Connect  this  flask  in  the  same  w  uith  a  third  Hank 
and  connect  the  ■  •  x i t  tube  from  this  flask  with  u  drying  lube  filled  with  soda-lime  to 
prevent  i  urlmii  dioMile  gettitig  in  Irom  the  air.     Place  the  p  ubstance  in  the 

teH  Balk  and  rover  it  with  L'.'i  ee  dl  water.  \\  ith  I  lie  third  Ihixk  empty,  conduct  a 
utrrarn  of  air  free  from  carbon  dioxide  through  the  apparatus  for  ten  minute*  while 
r.  i  In-  water  in  tin  first  flask.  Tin-  i-  licit  accomplished  by  applying  suction 
1 1  t  h.- .  ii.  I  of  the  train  nod  drawing  the  rur  through  sodn-liruc  in  u  dry  ing  tulie  which 
is  placed  in  a  rubber  stopper  that  fits  the  neck  of  the  dropping  funnel.  Instead  of 
soda-lime,  caustic  potash  solution  (1  :  2)  may  be  used  to  remove  the  carbon  dioxide 
from  tin  ;ur  s\  Inn  the  carbon  dioxide  has  been  expelled  from  the  apparatus,  close 
the  stop-cock  in  the  dropping  funnel  take  away  the  Maine,  nnd  quickly  add  about  25 

ei     of  hnrium  hydroxide m  I  last  flask.     With  the  apparatus    ill  lurmeet.-il, 

introduce  25  cc.  of  6-normal  sulfuric  arid  into  the  dropping  funnel  and  allow  it  to  run 
slowly  into*  the  fla.-k  QOBtaimng  the  ruhstmiee.  If  not  enough  gas  is  evolved  to 
produce  a  turbidity  in  (he  I. arum  hydroxide  ppt)  %  Btls  Motion  as  before. 

After  a  slight  vacuum  has  been  produwd.  rar.tnllit  open  the  stop-cock  of  the  dropping 
funnel,  with  the  soda-lime  tulie  in  place,  and  gradually  heat  the  sulfuric  acid  to 
boiling.  Continue  drawing  air  through  the  apparatus  for  SftCDB  milMltM  if  nec- 
essary-- In  case  a  very  slight  turbidity  is  obtained  in  the  barium  hydroxide  solution, 
it  is  beet  to  ran  m  blank  on  the  apparatus  with  all  the  reagents,  and  then  repeat  the 
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•  A[H-riinetil.     If  the  U«t  does  not  give  a  decided  result,  the  presence  of  carbonate 
.slniuli!  never  1*  reported. 

In  thin  test  the  chromic  acid,  whicli  is  added  to  uxidizu  the  aulfuroua  acid,  may 
be  replaced  by  other  oxidizing  agents,  e.g.,  hydrogen  peroxide  or  iodine. 

2.  Concentrated  Sulfuric  Acid  reacts  in  the  same  way  as  dilute 
sulfuric  acid,  only  more  violently. 

3.  Silver  Nitrate  precipitates  white  diver  carbonate,  which  becomes 
yellow  on  the  addition  of  an  excess  of  the  reagent.  On  boiling  with 
considerable  water,  the  carbonate  is  partly  decomposed  into  brown 
silver  oxide  and  carbon  dioxide;  but  the  carbonic  acid  is  not  expelled 
completely  except  by  heating  to  200°.  Silver  carbonate  is  very  soluble 
in  ammonia  and  in  nitric  acid. 

4.  Barium  Chloride  precipitates  white,  voluminous  barium  car- 
bonate, in  the  cold,  which  gradually  on  standing,  but  more  quickly 
on  warming,  becomes  crystalline  and  dormer. 

5.  Lead  Chloride  added  to  an  aqueous  solution  of  alkali  carbonate 
or  hiearbonate  gives  a  milky,  white  precipitate  of  lead  carbon.it v. 
Free  carbonic  acid  hinders  the  reaction  and  acetic  acid  dissolves  the 
precipitate. 

6.  Rosolic  Acid  in  0.2  per  cent  alcoholic  solution  which  has  been 
treated  with  barium  hydroxide  solution  until  a  red  color  begins  to 
appear  is  decolorized  by  free  carbonic  acid. 

7.  Nessler's  Reagent  will  not  give  the  ammonia  test  in  the  presence 
of  free  carbonic  acid  or  of  bicarbonate*.  This  U»t  may  be  used  for  1 1  re- 
detection  of  free  carbonic  acid  or  of  bicarbonate  in  solution. 

lirhtti  low   of  Carttnnatn*  on   Ignition 

The  carbonates  of  the  alkalies  melt  with  but  slight  decomposition. 
Barium  carbonate  is  not  decomposed  on  charcoal  before  I  be  blow- 
pipe, and  does  not  melt;  only  at  a  white  heat  is  it  decomposed  into 
infusible  barium  oxide  and  carbon  dioxide.  All  remaining  carbonates 
an-  decomposed  at  the  temperature  of  the  blowpipe  into  oxide  and 
carbon  dioxide.  The  oxides  of  the  noble  metals  break  down  into 
metal  and  oxygen. 


PERCARBONIC  ACID,  H..C..O, 

Free  percarbonic  acid  ia  not  known,  but  its  potassium  salt  is  stable  in  the  dry 
state.  When  exposed  to  moisture  it  decomposes  into  hydrogen  peroxide  and  potas- 
sium hi  r&r  ho  mi  to: 

K,Cy>,  +  2  Hfi  -  H.O,  +  2  KHCO,. 

If  tin-  .'<:«l!,  which  ||  characterised  by  its  pule  blue  color,  ia  placed  in  considerable 
cold,  dilute  Hiilfuric  acid,  it  dissolve*  with  evolution  of  carbon  dioxide  and  formation 
of  potassium  acid  sulfate  and  hydrogen  peroxide.  The  solution  given  all  the  char- 
acteristic reactions  of  hydrogen  peroxide. 

To  distinguish  between  percarbonic  acid  nnd  hydrogen  peroxide,  dissolve  10 
gms.  of  potassium  iodide  in  water  and  add  0.1  to  0.3  gm.  of  the  finely  powdered 
substance.     If  potassium  percorl>onate  is  present,  iodine  is  at  once  liberated: 

go.—  +  2 1- — 2  co,—  + 1*. 

If  only  potassium  bienrhonote  and  hydrogen  peroxide  are  present,  the  liberation 
of  iodine  will  take  place  much  more  slowly. 

Silver  nitrnte  and  barium  chloride,  when  treated  with  a  pcrcarbonatc,  give  whitn 
precipitates  which  arc  soluble  in  dilute  nitric  acid. 

Potasaium  permanganate  in  decolorized  by  percarbonatea  and  much  gas  ia  evolved ; 
in  neutral  solutions  mnninuiesc  dioxide  is  precipitated: 

3dOr~  +2MnOi--»4CO,—  +  2COiT  +  2MnOi  +  3GT, 
5  GO,—  +  2MnO,"  +16H+-.2Mn++  +  10CGT  +  50,t  +  8H.O. 
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Boric  (Boracic)  Acid,  HJ30, 

Occurrence.  —  Boric  acid  is  found  native  us  sassolite;  in  the  form 
of  its  sodium  salt,  as  borax  or  tinkal,  NajB^j-lO  HiO;  as  boracite, 
2  MgsBsOu  -f  MgClj;  and  in  many  silicates,  such  as  axinite,  tourma- 
line, datolite,  etc. 

Crystallised  boric  acid  forma  colorless  flakes,  with  a  mother-of- 
pearl  luster,  which  are  soluble  in  water  (100  part9  water  dissolve 
4  parts  of  boric  acid  at  15°,  and  33  parts  at  100°).  The  aqueous  solu- 
tion reacts  acid,  and  is  a  poor  conductor  of  electricity;  the  ionization 
constant  is  1.7  X  10"*  at  18°  and  2.3  X  10"°  at  25°  for  the  primary 
ionization. 

By  heating  boric  acid  to  100°,  it  loses  one  molecule  of  water  and 
is  changer!  to  metaboric  acid,  HBOi.  The  latter  loses  more  water 
when  heated  to  160°,  forming  pyroboric  acid,  HjB40»;  which,  on 
ignition,  loses  all  its  water,  being  changed  to  the  anhydride  of  boric 
acid,  boron  trioxide,  which  remains  as  a  difficultly-volatile,  hygro- 
scopic glass. 

The  salts  of  boric  acid,  the  borates,  are  derived  from  the  meta- 
and  pyroboric  acids.  The  salta  of  the  ortho  acid,  HaBOi,  arc  not 
known  in  the  pure  state. 

In  b  few  exceptional  cases  boron  acts  as  a  metal,  forming  B(HSOi)»,  (BOJjSO., 
BF»,  BPO,,  etc.  The  last  compound  is  insoluble  in  water  and  dilute  adds,  but 
dissolves  readily  in  caustic  alkalies. 

Solubility  of  lioraten.  —  The  borates  of  the  alkalies  dissolve  in  water, 
iirnl  thf  solution  reacts  alkaline. 

A  concentrated  solution  of  borax  behaves  as  if  it  contained  sodium 
metaborate,  free  boric  acid,  and  a  small  amount  of  caustic  alkali; 

Na,B,Or  +  3  H,0  ?=*  2  NaBOa  +  2  H,BO»; 
NaBO,  +  2  HOH  «=*  NaOH  +  H,BO,. 

The  more  dilute  the  solution,  the  greater  the  extent  to  which  the 
hydrolysis  represented  by  the  second  equation  will  take  place;  so 
that  a  very  dilute  solution  of  borax  will  react  as  if  it  contained  simply 
sodium  hydroxide  and  free  boric  acid. 

A  solution  of  an  alkali  borate  will  behave  differently  towards  re- 
agenta,  therefore,  according  to  its  concentration  and  temperature. 
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REACTIONS  OF  THE  ACM)  CONSTITUENT* 

The  remaining  borates  are  difficultly  soluble  in  water,  but  readily 
soluble  in  acids  and  in  ammonium  chloride  solution. 


Reactions  in   the  Wei   Way 

For  these  reactions  use  a -borax  solution.    - 

1.  Dilute  Sulfuric  Acid.  —  No  reaction.  Sulfuric  or  hydrochloric 
acid  added  to  a  concentrated  aqueous  solution  of  a  borate,  often 
precipitates  boric  acid. 

2.  Concentrated  Sulfuric  Acid.  —  No  visible  reaction.  Most  bo- 
rates arc  decomposed  by  sulfuric  acid,  setting  free  boric  acid,  and 
the  latter  is  capable  of  coloring  the  non-luminous  gas-flame  with  a 
characteristic  green  tinge. 

If,  therefore,  a  little  tolld  Iiorate  is  placed  in  the  loop  of  a  platinum  wire,  moist- 
ened with  concentrated  sulfuric  acid,  and  heated  at  the  edge  of  the  Bunscn  flame, 
I  In-  i-lmni'-li-rutic  green  mlnratmii  will  tic  noticed. 

A  great  many  natural  silicates  containing  boric  acid,  when  tested  in  the  above 
manner,  will  not  »vc  this  flame  coloration.  To  produce  this  coloration  moisten 
the  iiimernl  with  liydrufluflBI  toidj  pbtOE  :i  hill-,  of  it  in  tbfl  loop  oJ  i  pliitiiiiim 
win  ,  and  heat  at  the  outer  edge  of  the  flame;  if  a  borate  u  present  the  latter  will 
be  colored  distinctly  green,  owing  to  the  formation  of  volatile  l>oron  fluoride. 

The  preoenoe  of  copper  or  of  barium  interfere*  with  thin  te*t. 

3.  Concentrated  Sulfuric  Acid  and  Alcohol.  —  If  an  alkali  or  alka- 
line-earth borate  is  treated  in  a  small  dish  with  inothyl  alcohol,  then 
with  concentrated  sulfuric  acid,  the  mixture  stirred  and  the  alcohol 
lighted,  a  green-bordered  flame  will  appear,  due  to  the  formation  of 
boric  acid  methyl  ester,  B(OCHj)».  The  test  can  also  be  made  with 
ethyl  alcohol,  in  which  case  ethyl  borate,  B(OCsH»)ji  b  formed. 

4.  Silver  Nitrate  produces,  in  moderately-concentrated,  cold  borax 
solutions,  a  white  precipitate  of  silver  metaborate: 

NaAO,  +  3  H*0  +  2  AgNOi  =  2  NaNO,  +  2  H,BOj  +  2  AgBO,. 

On  warming,  a  brown  precipitate  of  silver  oxide  is  obtained; 
2  AgBO,  +  3  HjO  =  2  H3BO,  -t-  Agrf). 

From  very  dilute  solutions,  in  the  cold,  silver  nitrate  produces  & 
brown  precipitate  of  silver  oxide. 

Silver  borate  if  soluble  in  ammonia  and  in  nitric  acid. 

5.  Barium  Chloride  produces,  in  fairly  concentrated  solutions,  a 
white  precipitate  of  barium  metaborate: 

Na,B40,  4-  BaCl,  +  3  H,0  =  2  NaCl  +  2  H.BO,  4-  Ba(BO,)„ 

soluble  in  an  excess  of  barium  chloride  and  in  ammonium  chloride. 

6.  Calcium  and  Lead  Salts  behave  like  barium  chloride. 


BORIC  ACID 

7.  Turmeric.  —  If  a  piece  of  turmeric  paper  is  placed  in  a  solut  Eoo 
of  free  boric  acid,  apparently  uo  change  will  take  place  unless  consider- 
able quantities  uf  boric  and  sulfuric  acids  .ire  present,  but.  if  the;  paper 
H  iliied,  it  becomes  reddish  brown.  If  the  brown  paper  is  anain  dipped 
in  the  solution  of  boric  acid,  the  dolor  remains;  which  is  also  true  if 
the  paper  is  dipped  in  a  dilute  sulfuric  or  hydrochloric  acid  solution 
(difference  from  the  alkali  test  with  turmeric  paper).  If  the  reddish" 
brown  paper  is  moistened  with  caustic  soda  or  potash  solution,  the 
paper  becomes  bluish  black;  or,  if  only  a  small  amount  of  boric  Mid 
is  present,  grayish  blue. 

The  shade  and  intensity  of  the  color  varies  Ixith  with  the  amount  of  turmeric 
and  with  the  amount  of  boric  acid;  with  a  very  little  boric  Mid,  turmeric,  arid  very 
dilute  caustic  soda  solution  a  nearly  pure  violet  color  is  obtained  and  with  consid- 
i/ruMe  horie  acid  rind  stronger  alkali,  a  greenixh-blar.k  color. 

Borate  solutions,  when  acidified  with  dilute  hydrochloric  acid,  give  the  above 
reaction.  This  sensitive  and  convenient  test  for  boric  nciil  must  be  used  with 
caution,  fur  acid  solutions  of  isirconic,  titanic,  tantalic,  niobic,  and  molybdic  acids 
also  color  turmeric  paper  brown. 

The  reaction  u  much  more  sensitive  if,  instead  of  using  the  turmeric  paper 
it*ctf,  an  alcoholic  solution  of  turmeric  is  used.  Place  2  or  3  drops  of  the  yellow 
solution  in  a  porCfjlab)  dish,  add  the  solution  to  lie  tented  fin  l<onc  acid  acidity 
with  acetic  acid,  and  evaporate  to  dryness  on  the  walcr-buth.  If  as  much  aa  0.02 
mgm.  of  B]Oi  is  present,  the  residue  is  colored  a  distinct  reddish  brown,  while  0.002 
mgm.  mifncea  to  cause  a  visible  reaction.     (F.  Hen*.) 

8.  Mercuric  Chloride  produces  a  red  precipitate  of  basic  mercuric 
salt.  If  considerable  free  bono  acid  is  present  there  is  no  precipi- 
tation. 

bV/iim'or  of  Borate*  on  Ignition 

The  hydrated  borates  of  the  alkalies  melt  with  effervescence,  form- 
ing a  colorless  glass. 

This  glass  has  the  property  of  dissolving  many  metallic  oxides 
when  heated,  whereby  metaborntea  are  formed  which  are  often  very 
characteristically  colored  (borax  beads) ;  thus  copper  oxide  is  dissolved, 
forming  a  blue  glass: 

Na,B407  +  CuO  =  2  NaBO,  +  Cu(BO,),. 

If  this  bead  is  heated  in  the  reducing  flame  (i.e.,  with  carbon)  two 
things  can  happen: 

(a)  The  colored  cupric  salt  is  reduced  to  colorless  cuprous  salt: 
4NaBOa+2Cu(BO,),-f-C  =  CO  T  +  Na,B«07 1  +2  NaBO,-f-Cu,(BO,),. 

(b)  The  cupric  salt  is  reduced  to  metallic  copper,  so  that  the  bead 
appears  reddish  brown  and  opaque: 

4  NaBO,  4-  2  Cu(BO,),  4-  C  =  CO,  T  +  2  Na,B«0,  +  2  Cu. 


PERBORIC  ACID,  HBO, 

The  perborates  are  all  hydrolysed  to  a  greater  or  leas  extent  when  in  contact  with 
water,  the  aqueous  solutions  all  give  the  characteristic  reactions  of  hydrogen  perox- 
ide and  of  the  metaborate  ion. 

BO,"  +  B&  -»BCV  +  HA- 

The  typical  reactions  of  the  perborate  anion  are  based  upon  its  oxidising  power. 

Reactions  in  the  Wet  Way 

1.  Potassium  Bichromate  gives  blue  perchromic  acid,  soluble  in  ether  (of.  p.  147). 
Chrome  alum  solution  also  gives  the  blue  color  when  treated  with  perborate  and 
shaken  with  ether  (difference  from  percarbonic  acid). 

2.  Titanium  Trichloride  gives  a  red  color.    Ceroua  chloride  is  turned  yellow. 

3.  Potassium  Permanganate  is  decolorised;  black  manganese  dioxide  is  precipi- 
tated unless  the  solution  is  kept  acid. 

4.  Manganoua,  Blckelous  and  Cobaltoua  nitrate  or  sulfate  solutions  give  black 
precipitates  of  MnO,,  Ni(OH),  and  Co(OH),. 

5.  Potassium  Iodide  gives  free  iodine  only  in  acid  solutions. 


Oxalic  acid,  h.c,Oi 

Occurrence  and  Preparation.  —  Oxalic  acid  occurs,  in  the  form  of  iU* 
acid  potassium  and  calcium  salts,  in  the  sap  of  many  plants. 

It  is  prepared  in  large  amounts  by  heating  sawdust  with  molten 
caustic  alkali.  The  resulting  potassium  salt  is  precipitated  with  milk 
of  lime,  forming  the  insoluble  calcium  salt;  and  the  latter  is  decom- 
posed with  sulfuric  acid.  Oxalic  acid  is  also  formed  by  the  oxidation 
of  innumerable  organic  substances  such  as  sugar,  starch  and  cellulose 
(paper),  by  means  of  concentrated  nitric  acid. 

It  crystallizes  from  aqueous  solutions  in  the  form  of  colorless  mono- 
clinic  prisms,  H1C1O4  •  2  HjO. 

By  allowing  the  hydrated  acid  to  stand  over  sulfuric  acid,  water 
is  lost,  and  the  anhydrous  acid  remains,  which,  when  heated  to  about 
150°  C,  sublimes,  forming  needles.  If  heated  still  higher  it  is  com- 
pletely decomposed  into  water,  carbon  dioxide,  and  carbon  monoxide: 

HjCiO*  =  H,0  -h  COs  T  +  CO  t  • 

The  crystallized,  hydrated  acid  is  soluble  in  water,  alcohol,  or 
ether:  100  parts  water  at  20°  dissolve  11.1  parts  oxalic  acid;  100 
purta  alcohol  at  15°  dissolve  33.2  parts  oxalic  acid;  100  parts  stber 
at  15°  dissolve  l.i»  parts  oxalic  acid. 

Oxalic  acid  is  a  fairly  strong,  dibasic  acid,  and  forma  neutral  and 
acid  salts,  e.g.,  potassium  oxalate,  KiCjOt;  potassium  hinoxalate, 
KHCjO«;   potassium  tetroxalate,  KHCA,  H|CA  •  2  H,0. 

Solubility.  —  The  oxalates  are  mostly  insoluble  in  water,  with  the 
exception  of  the  oxalates  of  the  alkalies  and  of  magnesium.  In  an 
excess  of  an  alkali  oxalate  many  of  the  insoluble  oxalates  dissolve. 
Thus  ink  spots  and  rust  spots  can  often  be  removed  from  clothing  by 
means  of  a  solution  of  oxalic  acid  or  of  potassium  tetroxalate: 

Fe,0,  +  6  H,C04  —  2  H,[Fe(CO«),)  +  3  H,0. 

Oxalic  acid  is  also  a  good  solvent  for  ferric  phosphate.    All  oxalates 
dissolve  readily  in  mineral  acids. 

Reaction*  in  the  Wet   Way 

A  solution  of  ammonium  oxalate  may  be  used  for  the  following 

reactions: 
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REACTIONS  OF  THE   ACID  COKKTITUBN'TS 


1.  Dilute  Sulfuric  Acid.  —  No  reaction. 

2.  Concentrated  Sulfuric  Acid,  on  wanning,  acts  as  a  dehydrating 
agent,  causing  the  evolution  of  equal  volumes  of  carbon  monoxide 
and  carbon  dioxide;  the  former  will  burn  with  a  blue  flame: 

II,C,0«  —  H*0  +  CO  t  +  CO,  T  • 

In  the  presence  of  niaiinanese  uiuxide,  all  oxidate*  evolve  CO*  with  dilute  H>SO.: 
H,<V),  +  MnO,  +  H.SO,  ■  MnSO,  +  2 H.O  +  2CO, T - 

In  the»ame  way  CO,  in  given  off  by  the  action  of  KMnO,  and  dilute  IIrS04  upon  an 
oxalate  al  about  IMJ"  C: 

2KMnO»  +  5  IbdO,  +  3  II£04  =  K£0«  +  2  MoSO«  +  8  U&  +  10CO,. 

3.  Silver  Nitrate  precipitates  white,  curdy  silver  oxalate, 

C(V"  +  2Ag*  =  Ag*Cs04, 

almost  insoluble  in  water,  but  readily  soluble  in  ammonia  and  in 
nitric  acid. 

4.  Barium  Chloride  precipitates  white  barium  oxalate,  soluble  in 
oxalic  and  acetic  acids. 

5.  Calcium  Chloride  precipitates  white  calcium  oxalate,  insoluble 
in  oxulic  arid,  ammonium  oxalate,  and  acetic  acid,  but  readily  soluble 
in  hydrochloric  and  nitric  acids.  It  is  the  most  insoluble  of  all  oxalates 
and  a  precipitate  is  obtained  when  calcium  sulfate  is  added  to  a  solu- 
tion of  oxalate  which  is  acid  with  acetic  acid. 

G.  Lead  Salts  precipitate  white  lead  oxalate,  soluble  in  nitric  acid. 

7.  Manganous  Sulfate  or  Chloride  precipitates  nearly  white  crystals 
of  manganous  oxalate: 

Mn++  -f  COr"  +  8  HiO  -  MnC,04  •  3  HsO. 

8.  Manganese  Dioxide  mixed  with  oxalic  acid  or  an  oxalate,  treated 
with  water  and  a  few  drops  of  concentrated  sulfuric  acid  causes  de- 
composition of  the  oxalate  and  vigorous  evolution  of  carbon  dioxide: 

MnO,  4-  H,C,0«  +  H,SO«  -» MnSO«  4-  2  CO*  |  +  2  HsO. 

Similarly,  if  oxalic  acid  or  an  oxalate  is  added  to  a  hot  acid  solution 
of  permanganate,  the  oxalate  is  oxidized  to  carbon  dioxide  and  the 
permanganate  ion  is  decolorized : 

2  MnOr  +  5  CiO"  +  16  H*  -» 2  Mn++  +■  10  COi  t  +  8  HiO. 

9.  Ferrous  Phosphate  in  phosphoric  acid  solution  gives  a  dark 
yellow  color  with  a  warm  solution  of  an  oxalate. 

10.  Resorcinol,  C,H,i<  I  tolved  in  about  100 time  light 
of  concentrated  sulfuric  acid,  gives  a  blue  coloration  when  added  to 
a  solid  oxalate  and  heated  until  fumes  of  sulfuric  acid  are  evolved. 


OXALIC  ACID 
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11 .  Manganous  Sulfate.  A  sensitive  test  for  the  detection  of  oxalic 
acid  in  tin;  presence  of  hydrochloric,  sulfuric,  nitric,  phosphoric,  acetic, 
butyric,  valeric,  citric,  tartaric,  benzoic  and  salicyilic  acid  as  well  as 
phenol  or  small  quantities  of  formic  acid,  is  performed  as  follows: 

Dissolve  a  small  crystal  (3  to  5  mg.)  of  manganous  sulfate  in  a  few 
drops  of  water,  add  a  drop  of  sodium  hydroxide  solution,  heat  some- 
what, then  cool  and  add  drop  by  drop  the  solution  of  ottfiti  Mid  or  of 
oxalate,  which  is  slightly  acid  with  sulfuric  acid  and  free  from  reducing 
agents.  The  precipitate  of  manganous-manganic  hydroxide,  which 
was  formed  by  the  action  of  the  sodium  hydroxide  on  the  manganese 
sulfate,  dissolves  by  the  action  of  the  oxalic  acid  and  a  red  coloration 
is  obtained. 

12.  Oxalates  of  alkaline  earth  metals  undergo  metathesis  when 
boiled  with  a  concentrated  solution  of  sodium  carbonate.  Insoluble 
alkaline  earth  carbonate  and  soluble  sodium  oxalate  are  formed  and, 
after  filtering,  the  solution  can  be  tested  for  oxalate.  Such  a  meta- 
thesis docs  not  always  succeed  with  oxalates  of  some  other  metals, 
because,  owing  to  the  formation  of  complex  salts,  the  precipitation  of 
the  carbonate  is  often  incomplete;  thus  nickel  oxalate  forms  a  soluble 
sodium  nil  kil  oxalate.  In  such  cases,  in  order  to  obtain  an  aqueous 
oxalic  acid  solution  from  an  insoluble  oxalate,  and  to  remove  the 
cation  which  may  interfere  iti  t  he  tests,  it  is  best  to  place  a  little  of  the 
powder  in  warm  water  and  saturate  with  hydrogen  sulfide;  the  more 
insoluble  sulfide  is  formed  and  the  solution  contains  oxalic  acid  and 
hydrogen  sulfide: 

NiCaO,  +  HjS  -NiS  +  HtdOi- 

Hrhaviar  nf  Oxalates  an   Itfnition 

All  oxalates  are  decomposed  on  ignition  with  slight  carbonization. 
The  oxalates  of  the  alkalies  and  alkaline  earths  are  changed  to  car- 
bonates, with  evolution  of  carbon  monoxide.  Stronger  ignition  causes 
the  formation  of  more  or  less  oxide,  the  alkaline  earth  carbonate 
being  quantitatively  changed  to  oxide  by  heating  over  the  blast 
lamp.  The  oxalates  of  the  noble  metals,  and  of  iron,  nickel,  cobalt, 
copper,  etc..  leave  the  metal  itself;  the  oxide  is  formed  in  the  case  of 
other  metals. 


PBRCASBomc  Acid,  BdCO. 

Free  percarbonio  acid  is  not  known,  but  its  potassium  salt  is  stable  in  the  dry 
state.  When  exposed  to  moisture  it  decomposes  into  hydrogen  peroxide  and  potas- 
sium bicarbonate: 

KrfiO,  +  2HVO-  Hrf>,  +  2  KHCO,. 

If  the  salt,  which  is  characterised  by  its  pale  blue  color,  is  placed  in  considerable 
cold,  dilute  sulfuric  acid,  it  dissolves  with  evolution  of  carbon  dioxide  and  formation 
of  potassium  acid  sulfate  and  hydrogen  peroxide.  The  solution  gives  all  the  char- 
acteristic reactions  of  hydrogen  peroxide. 

To  distinguish  between  percarbonic  acid  and  hydrogen  peroxide,  dissolve  10 
gms.  of  potassium  iodide  in  water  and  add  0.1  to  0.3  gm.  of  the  finely  powdered 
subetanoe.    If  potassium  percarbonate  is  present,  iodine  is  at  once  liberated: 

C/>"  +  2 1"  -♦  2  CO,--  +  Ii. 

If  only  potassium  bicarbonate  and  hydrogen  peroxide  are  present,  the  liberation 
of  iodine  will  take  place  much  more  slowly. 

Silver  nitrate  and  barium  chloride,  when  treated  with  a  percarbonate,  give  white 
precipitates  which  are  soluble  in  dilute  nitric  acid. 

Potassium  permanganate  is  decolorized  by  percarbonates  and  much  gas  is  evolved; 
in  neutral  solutions  manganese  dioxide  is  precipitated: 

3  Cft,—  +  2  MnO,"  -» 4  CO,—  +  2  CO,  T  +  2  MnO,  +  3  O,  t , 
SCJfOi—  +  2  MnO«"  +  16  H+  -*2  Mn++  +  10CO,  T  +  50,  f  +8&0. 


378 


Solubility.  —  The  ncutrul  alkali  tartrates  are  very  soluble  in  water, 
as  al:  lium  acid  tartrate,  while  (Ik-  potassium  acid  and  the  am- 

inoniuni  acid  tartrates  are  difficultly  soluble  In  water. 

The  remaining;  tartrates  are  difficultly  soluble  in  water,  but  all 
dissolve,  more  or  leas  readily,  in  neutral  alkali  tartrate  solution ,  form 
ing  complex  salts.  These  complex  salts  often  conceal  the  reactions 
which  are  typical  of  the  metal  ions  contained  in  them.  Thus  am- 
monium hydroxide  causes  no  precipitation  in  solutions  of  iron,  alumi- 
num, titanium,  chromium,  antimony  and  tin  tartrate*.  Complex 
tartrate  ions  arc  also  formed  with  manganese,  cobalt,  nickel,  lead, 
copper,  boron,  molybdenum  and  other  elements. 

The  most  important  commercial  salts  of  this  acid  arc  "cream 
of  tartar,"  KHC4H4O*  "  Rochelle  salt,"  KNaC*H«0«,  and  "tartar 
emetic,"  K(8bO)C,HtO,. 

Reactions  in   the  Wet   Way 

A  solution  of  Rochelle  salt  (sodium  potassium  tartrate)  may  be 
used  for  these  reactions. 

1.  Dilute  Sulfuric  Acid.  —  No  reaction. 

2.  Concentrated  Sulfuric  Acid  causes  carbonisation  on  warming, 
with  evolution  of  sulfur  dioxide,  carbon  monoxide,  carbon  dinxiili- 
and  other  gasea.  The  sulfuric  acid  becomes  brown  and  there  is  an 
empyreumatie  odor. 

3.  Silver  Nitrate  produces  no  precipitation  in  a  solution  of  free  tar- 
taric acid,  but  in  the  solution  of  a  neutral  tartrate,  a  white,  curdy 
precipitate  is  formed  iniiin-dintely, 

C«H»O0-  -  4-  2  Ag+  —  AfcC,H«0(. 

The  precipitate  is  soluble  in  nitric  acid  and  In  ammonia.  By  warming 
the  ammoniacal  gilwr  s.ilut.ion,  rmt.-illto  silver  is  deposited.  This  very 
Important  reaction  for  the  detection  of  tartaric  acid  is  performed  in 
the  following  manner: 

Treat  the  pure  tartrate  solution  with  silver  nitrate  solution  until  no  further 
precipitation  taken  place,  add  a  few  dropn  of  sodium  hydroxide  solution  and  dilute 
ammonia  drop  by  drop  until  Hm  precipitate  Just  dissolves.  Place  the  test-tut*- 
oontainiim  r  In-  solution  m  witter  which  lum  ln*n  heated  to  (50-70°  C.  After  stand- 
ing for  about  fill  nutes.  the  silver  -\  ill  !••■  deposited  in  the  form  of  a  beautiful 
inirror  on  the  sides  of  the  test-tut*.  This  wry  delicate  reaction  cannot  be  performed 
with  certainty  in  the  presence  of  other  acids.  In  this  case  the  tartaric  acid  should 
first  Ijc  precipitated  as  potassium  arid  tartrate.  Concentrate  the  solution  to  a 
small  volume,  odd  a  little  solid  potassium  carbonate,  acidify  with  strong  aeelie 
acid  and  stir  Uk-  cold  subitum  vigorously;  a  precipitate  of  potassium  acid  tartrate 
will  form  at  MM  if  OQBatiaabfa  tartrate  is  present.  Filter  off  the  precipitate, 
wash  with  a  little  cold  water,  and  dissolve  it  in  as  little  caustic  soda  solution  as 
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possible.  In  this  way  u  .solution  is  obtained  which  will  readily  give  the  silver 
mirror  mi  'he  :idil iimii  of  .-silver  nitrate  ami  r n-nt iiicnt  on  above. 

I:  ii.(i  precipitate  i*  formed  on  ihc  addition  of  the  acetic  acid,  add  a  little  alcohol, 
which  . -.-n i:-. -.-  tin-  pn-(-i|.il:i|.-  In  form  muiv  readily .  Filter  off  the  precipitate,  wash 
with  diluted  alcohol,  -Iry,  di.-nolvr  in  dilute  aodtun  hydroxide,  and  treat  as  altove. 
If  the  alcohol  is  not  removed  by  drying,  a  mirror  in  sometimes  formed  when  tartaric 

l.rnl    I-    .,!,-:,  III 

4.  Calcium  Chloride.  —  If  to  a  concentrated   solution  of   neutral 

alkali  tartrate,  in  the  absence  of  ammonium  sails,  calcium  chloride 
solution  is  added  drop  by  drop,  a  white  amorphous  precipitate  is 
formed  which  redissolvcs,  forming  soluble  calcium   tartrate  anions: 

2  CJUV  "  +  0***  —  [<  'hi  OH«0,),r  ~. 

Only  after  the  addition  of  enough  calcium  chloride  to  decompose 
completely  the  alkali  tartrate  is  a  permanent  precipitate,  funned, 
which  at  first  is  flocculent,  but  soon  becomes  crystalline,  consisting  of 
neutral  calcium  t art  rate: 

(Ca(C4H401),]-  "  +  Ca++  —  2  CaC«H«0,. 

to  liiluic  rMiliiiiim-  the  first  addition  of  calcium  chloride  often  produces  no  pre- 
cipitation; but  aftor  standing  some  time  (or  more  quickly  on  rubbing  the  side*  of 
the  test- tube-  with  it  glass  rod 'i  tin-  crystalline  precipitate  is  deposited,  CaC'dhO»  + 
4  H^).  Calcium  Urtnte  is  ditltcull.ly  auluble  in  wiiler.  UK)  part>  water  at  15' C. 
diteolvc  0.0150  part  of  the  crw:dluie  »alt,  anil  IitO  parts  Ixiiling  water  dissolve 
>  part  of  the  salt      The  precipitate  is  -.oluhlc  in  acetic  acid  (difference  from 

calcium  oxalate';    i«n.l    ;il  n    i-i    |   ,-.ilnl  mi,    of  concentrated    caustic   a  Ik  nil    (free  from 

mrlioimli ■:,  prohaUy  forming  a  complex  on. 

2  CiCAO,  +  2  OH     -  11,0  +  [(CaC,H.O,)10]~. 

On  billing   this  nolutiou,  calcium   tartrate  is   rq IjriteM    in  the  form  of  » 

voluminous  gelatinous  prei -ipitatc,  which  again  goes  into  solution  on  cooling.  The 
presence  of  ammonium  chloride  retards  the  formation  of  the  calcium  tartrate,  hut 
docs  not  prevent  it;  after  standing  MOM  that  the  pnripuatc  settles  out  in  the 
form  of  a  heavy  crystalline  pou-dri  idiiremnv,  from  citric  tott). 

The  calcium  salt  of  (d  +  h  tartaric  .mil  is  I.---  soluble  than  calcium 
d-tartratc  and  has  a  silky  lustre.  The  presence  of  aluminum,  ferric 
or  antitnonyl  ions  lends  to  prevent  the  formation  of  calcium  tartrate 
on  account  of  forming  complex  ions. 

5.  Potassium  Salts  produce  "(>  precipitation  in  neutral  solutions 
of  alkali  tartrates;  but  if  the  concentrated  solution  is  acidified  with 
acetic  acid,  a  crystalline  precipitate  of  potassium  acid  tartrate  is 
formed  upon  stirring  vigorously: 

CWV°~  +  K+  +  H+  —  KHCAO.. 

Potassium  acid  tartrate  is  difficultly  soluble  in  wafer  OOfl  oc  water  dissolve 
0.45  g.  of  salt)  and  in  acetic  acid  idily  soluble  in  mineral  ncids  or  in  caustic 
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alkali  and  alkali  carbonate  solutions.  The  pr«irifiitnt<*  may  bt  dissolved  Ln  I  little 
ammonia  and  the  above  teat  with  calcium  chloride  obtained. 

If  11  concent  rated  dilution  .if  frw  tartaric  arnl  i  -  treated  with  potassium  chloride, 
a  precipitate  of  potassium  acid  tartrate  is  formed  in  spite  of  the  presence  of  the 
hydrochloric  acid  which  i«  set  free.  From  dilute  solutions  the  precipitate  appears 
only  after  adding  sodium  acetate  (cf.  p.  83). 

The  pceBOnoe  of  considerable  boric  acid  greatly  interfere*  with  the  formation  of 
the  potassium  arid  tartrate.     In  such  eaxea  add  ammonium  chlorids  I"  till  MO* 

centrated  Bolution  in  a  tcst-tulx.'.  then  • gal hlorida  solutioa,  and  rub  Um 

inside  walls  of  the  tube  with  u  stirrinR  rod.  If  only  a  little  tartaric  acid  is  present  it 
may  lie  nOBOMliiy  lii  lei  Hue  solution  Bland  twenty-four  hourn  Filter  off  any  precipi- 
tate that  may  form,  woxh  it  two  or  three  time*  with  ali-i ilml,  ami  dissolve  the  cal- 
cium tartrate  in  a  little  freshly-prepared  potassium  hydroxide  solution  (I  .  5). 
Filter  and  heat  the  lilu lit  lo  boilinR.  Amorphous  calcium  tartrate  should  be  pre- 
cipitated. Another  way  to  i«|entif\  the  tartrate  in  the  liml  precipitate  of  calcium 
tartrate  Li  as  follows:  Place  the  washed  precipitate  in  a  text-tube,  odd  a  crystal  of 
-ilvir  nitrate,  a  few  dro|»  of  ti-nornial  uinmootoill  hydroxide,  and  place  the  tcst- 
tulie  in  hot  water,  n  dint i net  silver  mirror  should  form  if  a  tartrate  is  present. 

6.  Lead  Acetate  produces  in  neutral  solutions  a  white.  Boeculeot 

precipitate  of  lead  tartrate,  easily  soluble  in  nitric  acid  and  in  ammonia. 

7.  Magnesia  Mixture.  —  If  a  concentrated  tartaric  acid  Bolution  is 
i  hOOted  with  an  excess  Of  magnesia  mixture.  I f >  00.  Of  strong  ammonia 
and  a  volume  of  alcohol  equal  to  that  of  the  solution,  then,  after 
shaking  and  allowing  to  stand  twelve  hours,  the  tartaric  acid  is  pre- 
cipitated quantitatively  as  crystalline,  basic  magnesium  tartrate 
insoluble  in  50  per  cent  alcohol  (difference  from  malic  and  succinic 
acids) : 

CiH«<V  "  +  2  Mg++  +  2  OH"  +  H,0  -»  M&fOHVCAO*)  •  HsO. 

Filter  off  the  precipitate  obtained  in  the  above  test,  wash  it  with  50  per  cent 
alcohol,  dry  and  transfer  the  precipitate  to  a  test-tube,  with  the  aid  of  a  glass  rod. 
Add  a  little  silver  nitrate  Bolution,  a  eliubt  excess  of  o-nortim]  ammonium  hydroxide 
and  heat  to  about  60".     A  mirror  should  form  if  a  tartrate  is  present. 

8.  Ferrous  Salt  added  in  small  quantity  I «»  free  tartaric  odd  or  an 
..Ik. ill  tartrate  five  villi  two  drofM  of  hydrogen  peroxide  a  ■  fan 
grains  of  sodium  peroxide,  and  an  excess  of  tartaric  acid,  a  beautiful 
violet  coloration.  The  sensitive  reaction  is  not  obtained  with  citric, 
malic  or  succinic  acids. 

9.  Potassium  Chromate  solution  poured  over  a  crystal  of  tartaric 
acid  at  room  temperature  gives  a  purple- violet  or  black  coloration 
and  evolution  of  carbon  dioxide.  Citric  arid  crystals,  when  tested  the 
same  way,  give  a  coffee-brown  color.  In  aqueous  solution,  tartaric 
acid  will  give  the  tost:  add  a  little  dilute  sulfuric  acid  to  the  aqueous 
acetate  solution  and  one  or  two  drops  of  potassium  chromate  or  dirhro- 
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mate  solution  and  heat  for  some  time;  the  yellow  color  of  the  chromate 
changes  gradually  to  bluish-violet. 

10.  Ammonium  Molybdate  in  faintly  acid  solutions  together  with 
a  tittle  tartaric  arid  and  one  or  two  drops  of  hydrogen  peroxide  in  a 

;.. lnii. in  heated  to  about  60°,  gives  a  coloration  at  first  pale  yellow, 
then  green  and  finally  blue. 

11.  Resorcinol  in  concentrated  sulfuric  acid  (1  :  100)  givee  a  wine- 
red  color  when  heated  with  a  little  solid  tartaric  acid,  or  a  tartrate, 
until  sulfuric  acid  fumes  are  evolved.  A  mere  trace  of  tartaric  acid 
will  give  tin-  rc.-u-t mn  but  nitrates,  nitrites,  chlorates  and  other  oxidiz- 
ing agents  interfere. 

Reactions  in  the  Dry  Way 

If  tartaric  acid  is  heated  to  135°  C,  it  melts,  and  on  stronger  igni- 
tion it  is  decomposed,  leaving  a  residue  of  carbon  and  giving  off 
eiiipyrvumatie  odors  (smell  of  burnt  sugar). 

The  alkali  tartrates  are  also  decomposed  by  ignition,  leaving  a 
residue  of  carbon  and  alkali  carbonate,  which  effervesces  on  treat- 
ment with  acid. 

Ammonium  tartrate  leaves  a  residue  of  carbon,  which  does  not 
effervesce  on  treatment  with  acids.  The  tartrates  of  the  alkaline 
earths  leave  behind  a  mixture  of  carbon  and  carbonate;  on  very 
strong  ignition  the  latter  is  changed  to  oxide 

The  tartrates  of  those  metals  whose  oxides  are  reduced  by  carbon 
arc  left  in  the  form  of  metal  (Ag,  Pb,  Fc,  Ni,  Co,  etc.). 


Citric  acid,  h3C»H&Ot 

Citric  acid  is  found  in  nature  in  the  juices  of  many  fruits.  It 
is  a  tribasic  acid,  readily  soluble  in  water  and  in  alcohol,  but  diffi- 
cultly soluble  in  ether.  The  pure  acid  is  a  colorless,  odorless  solid 
which  usually  contains  three  molecules  of  water  of  crystallization, 
HjCHtOr  •  3  H*0.  Heated  carefully  to  55°  it  loses  its  water  of  crystal 
lization  and  at  a  higher  temperature  melts  and  begins  to  decompose, 
giving  rise  to  acid  vapors  and  an  odor  similar  to  that  obtained  with 
tartaric-  acid  under  similar  treatment.  The  aqueous  solution  is  opti- 
cally inactive  ami  show*  fairly  strong  acid  properties,  the  constant 
for  the  primary  ionization  being  0.82  X  10~*  at  25*.  Citric  acid  ia 
dissolved  easily  by  water  and  by  alcohol  but  less  readily  by  ether. 
The  clear  transparent  crystals  weather  on  standing  in  the  air  owing  to 
loss  of  water  of  crystallization;  the  crystals  become  opaque  and 
powdery.     Its  salts  are  called  citrates. 

Solubility.  —  The  citrates  of  the  alkalies  aro  soluble  in  water,  and 
form,  with  the  insoluble  citrates  of  the  heavy  metals,  very  soluble 
complex  salts,  whose  solutions  are  not  precipitated  by  alkali  hydrox- 
ides, alkali  carbonates,  ammonia,  etc. 

Reactions  in  tlie   Wet    Way 

A  solution  of  potassium  citrate  may  be  used. 

1.  Dilute  Sulfuric  Acid.  —  No  reaction. 

2.  Concentrated  Sulfuric  Acid  on  being  heated  with  a  citrate,  as 
with  most  a-hydroxyacids,  causes  formic  acid,  HCOjH,  to  be  formed, 
which  then  breaks  down  into  water  and  CO;  at  the  same  time  some 
acetone  dicarbonie  acid,  (CH»)jC( )•  (C()jH)»,  is  formed  and  this  breaks 
down  into  acetone,  (CHi)jCO,  and  COj. 

H«C.H»Ot  -* HCOiH  +  (CH«)iCO(COiH ),, 
HCO,H  -  H30  +  CO,  (CH,),CO(COtH)1  -  (CH,),CO  +  2  CO,- 

A  part  of  the  citric  acid  is  carbonized  and  this  causes  reduction  of  the 
sulfuric  acid  so  that  some  90|  is  evolved. 

3.  Silver  Nitrate  produces  in  neutral  solutions  a  rlocculent  pre- 
cipitate of  silver  citrate,  Ag3C«HsO>,  readily  soluble  in  nitric  acid 
and  in  ammonia.  On  heating  the  atumoniacal  solution  to  60°  C,  no 
silver  mirror  is  formed;  but  on  heating  the  solution  to  boiling,  the 
silver  is  gradually  deposited. 
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4.  Barium  or  Calcium  Chloride  gives  no  precipitation  in  neutral 
solutions  (difference  from  tartaric  ucid.l.  If,  however,  caustic  soda 
solution  is  added  to  the  solution  which  contains  an  excess  of  e.-il.-iuiii 
chloride,  n  fiocculent  precipitate  of  tertiary  calcium  citrate  is  at  once 
formed,  insoluble  in  caustic  alkali,  hut  readily  soluble  in  ammonium 
chloride.  On  boiling  the  solution  in  ammonium  chloride,  crystalline 
calcium  citrate  is  precipitated,  which  is  now  insoluble  in  ammonium 
chloride. 

.">  Lime  Water  in  excess  produces  no  precipitation  in  i-old  solutions 
of  ncutrnl  citrates;  on  boiling-,  there  is  formed  a  fiocculent  precipitate 
of  calcium  citrate,  which  almost  entirely  reditwolveti  on  coding. 

6.  Lead  Acetate  precipitates  from  solutions  of  the  free  acid,  and 
those  containing  ii'-uti.il  sal  to,  amorphous  PbsfC«H407)a  •  H»0. 

7.  L.  Stahre's  Test  for  Citric  Acid,*  —  To  the  solution  of  free  citric  ncid  in  water, 
or  to  the  solution  of  a  citrate  in  very  •  Jil  nt.  sulfuric  or  nitric  ncid  (not  hydrochloric! 
ndd  2  to  .'•  dropi  of  tenth-normal  ixcrninnpuiate  solution  and  heat  n  whort  time  at 
30"  to  40"  (the  solution  must  not  boil!).  As  noon  as  the  solution  is  colored  brown, 
or  becomes  turbid  by  the  preri|iitaiimi  •  if  a  little  manganese  dioxide,  add  1  or  2 
drops  of  ammonium  oxalate  solution  and  about  I  cc.  of  10  per  cent  sulfuric  unci, 
which  will  clear  up  the  solution.  Now,  add  a  few  drops  of  bromine  water,  and  » 
distinct,  crystalline  precipitate  of  pentabromacetone  will  be  obtained.     The  bro- 

i ■■■   n-nter   may   ulsn  1)0  added   iiefore    f lie   i  ■■•  -i  main!  uini  I   Phltfa)   ami  Mimi-tiiiii-s 

the  results  are  liet  tor. 

Thii)  teat  is  so  sensitive  that  0,3  mum.  of  citric  acid  in  1  cc.  of  water  can  be  detected. 

The  experiment  succeeds  in  the  presence  of  tartaric,  malic,  oxalic,  sulfuric  and 
plni  jiIimii,    n -hi -,  except  that  a  little  more  permanganate  is  required. 

In  tin-  Stabffl  tort  the  following  reactions  take  place: 

(a)   The  pcrmuriuanate  oxidizes  llie  citric  acid  to  aeotone-dicarboxylic  acid  with 
evolution  of  carbon  dioxide: 
5  BrCtEfOi  +  t  MnO,"  +  6H+  -6  CO,  f-  2  Mn++  +  8  11,0  -f-  5  (CH,),CO(CO,H),. 

(6)  The  acctoncdicarboxylic  acid  react*  witb  btoniaei  forming  pcutabromaco- 


t.itn   : 


CO,!!  i:  +  .r.  Ilr,  -2CO,  +  5  IfBr  +  C,nBr»CO. 


If  the  permanganate  is  allowed  to  act  longer  upon  the  citric  acid  the  ncetenedicar- 

boxylic  acid  is  OQOWted  gradually  into  acton.',  the  reaction  taking  place  more 

quickly  on  boiling: 

(CHJ),CO(CO,H)J  -  2  CO,  4-  (CH,),CO. 

Acetone  itself  is  not  brominated  as  readily  as  the  ^.inm  he.trlioxylie  acid,  and 
f.ir  thia  rsa*  ftfasm  should  be  taken  not  to  let  the  temperature  rise  above  40"  during 
the  treatment  of  lb  id  with  iiermanganfttc. 

The  citrate*  on  treatment  with  bromine,  without  previous  oxidation  with  per- 
manganate, will  also  give  pent«brornacetone: 

K.C.H.Or  +  CBr,  =  3KBr  4-30  '=  t    I  HBr  -f- CJTBr.CO. 


•  I,.  STAmut,  Z.  anaf.  Chen.,  M,  195  (1897);  also  Autied  Wohuc,  ibid.,  41,  M 
(1902). 
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8.  Mercuric  Sulfate.  —  Denigfe'  reagent.1  flllllw  .r>  gm*.  HgO  in  100  cc.  of 
water  and  20  cc.  cone.  HjSO<.  Trent  the  solution  of  the  citrate  with  1/20  as  much 
reagent  and  heat  to  boiling,  then  add  a  few  drop*  of  0.1  N  KMnOi  solution.  A 
white  crystalline  prccifiilati:  i-  fcirmcil 

The  precipitate  has  the  composition:  IlgiO|S()«  -2  f((  II  iOO(CO))t|Hg  and 
is  .1  mixtnrr  of  basic  mercuric  sulfate  and  tin-  miTciinc  ■•alt.  (,f  .h-i-Ihip-  die- irboxvli'- 
acid.  The  reaction  is  very  sensitive  and  enables  mn:  to  detect  0,5  gm.  of  citric 
acid  dissolved  in  a  liter  of  water.  The  reaction  is,  however,  not  peculiar  to  citric 
acid  but  is  shown  by  many  other  ketonic  compounds. 

9.  Citric  iiciil  may  be.  rlistinguiftheil  from  oxalic,  tartaric,  and  malic 
acid  by  means  of  the  deep  blue  or  green  color  obtained  by  the  followiiiK 
treatment: 

To  at  least  0.01  g.  of  citric  acid  add  nn  excess  of  nmrnciniurn  hydroxide  (3  cc.) 
in  i«  piece  .if  ignition  lulling  cloned  :it  on.-  end.  Seal  the  other  end  of  the  tubing  no 
that  but  little  empty  space  is  above  the  liquid  And  hent  (J  hours  at  110°  to  120°. 
Cool,  break  off  the  end  of  the  tubing  and  pour  the  liquid  into  a  shallow  porcelain 
dish.  After  standing  several  hours  in  I  hi-  light  :i  blur  <ir  gr-'eri  product  is  obtained. 
This  characteristic  coloration  may  also  be  obtained  as  follows:  To  the  citric 
acid  add  a  little  glycerol  in  little  less  than  the  quantity  of  citric  acid  used)  and 
heat  gently  until  the  mas*  begins  to  swell.  Dissolve  the  residue  in  ammonia, 
evaporate  off  most  of  the  liquid,  add  a  lit  tic  water  and  2  drops  of  fuming  nitric  acid 
which  has  been  diluted  with  live  times  as  much  water.  The  green  color  whidi 
appears  first  changes  by  heating  nn  the  whUt  hath  to  blue.  Hydrogen  peroxide  can 
be  used  in  place  of  the  nitric  acid. 

Rtaetian*  in    the.  Dry  Way 

The  citrates,  on  ignition,  behave  exactly  like  the  tartrates. 


Comptts  rend.,  138,  32;  Z.  anal.  Chem.,  38,  718  (1899);  and  40,  121  (1901). 


Phosphorous  Aero,  H.PO, 


Formation.  —  By  tin-  slow  combustion  of  phosphorus  in  the  air 
phosphorus  trioxide  is  formed  which,  as  it  is  the  anhydride  of  phos- 
phorous acid,  reacts  with  cold  water  to  form  the  acid: 
P*0,  +  3  H»0  «  2  H,PO». 

Phosphorous  acid  is  formed  much  moro  readily  by  the  action  of 
water  on  the  trihalogen  compounds  of  phosphorus: 
PCU  +  3  HOH  =  3  HC1  +  H,PO|. 

The  hydrochloric  acid  is  removed  by  evaporation,  and  the  last 
traces  of  uncornhined  water  by  heating  to  ISO".  If  the  mass  is  then 
edlowed  to  cool,  it  solidifies  to  a  crystalline,  hygroscopic  substance 
which  melts  at  70°. 

By  neutralizing  the  solution  of  phosphorous  acid  with  bases,  the 
phosphites  are  obtained.  It  is  never  possible,  however,  to  replace 
more  ili.'in  two  <if  the  hydrogen  atoms  with  metal:  so  that  phosphorous 
acid  is  considered  to  be  a  dihasie  acid.  Certain  organic  compounds  are 
known,  however,  which  are  derived  from  tribasic  phosphorous  acid, 
H.PO,. 

Solubility.  —  Only  the  phosphites  of  the  alkalies  are  soluble  in 
water,  but  they  are  all  soluble  in  acid. 

I'vtifliotix  in    the   Wet    H '  fir 

A  solution  r if  sndiura  phosphite  should  be  used. 

1.  Dilute  Sulfuric  Acid.  —  No  reaction. 

2.  Concentrated  Sulfuric  Acid  causes  no  reaction  in  the  cold;  on 
beating,  the  phosphorous  acid  reduces  the  sulfuric  acid  to  sulfurous 
acid,  easily  recognixed  by  the  odor, 

I1.PO,  +  H£(\  =  H,PO»  -f  HiO  4-  SO,  T  • 

3.  Silver  Nitrate  produces  at  first  a  white  precipitate  of  silver 
phosphite, 

HPO,—  +  2  Ag+  -  AgjHPO,, 

which  in  the  case  of  a  concentrated  solution  is  changed  in  the  cold 
to  metallic  silver;  while  in  dilate  solutions  thus  reduction  takes  place 
only  on  warming: 

Ag,HPO,  +  HjO  =  H,PO<  -f  2  Ag. 
3M 
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4.  Barium  Chloride  precipitates  white  barium  phosphite,  soluble  in 
all  acids. 

6.  Lead  Acetate  precipitates  white  lead  phosphite,  insoluble  in 
acetic  acid. 

6.  Mercuric  Chloride  is  slowly  reduced  by  phosphorous  acid  in  the 
cold,  l>ui  mom  '[uii-kK-  mi  wanning,  to  mercurous  chloride: 

2  HgCl2  +  I-hPOi  +  H,0  =  H,PO«  +  2  HCl  +  HfoCl,. 

If  the  phosphorous  acid  is  present,  in  excess,  the  reduction  in  the 
hot  solution  (not  in  the  cold)  goes  farther,  and  gray  metallic  mercury 
is  deposited : 

HgjCI.  +  H,PO,  +  H»0  =  H,P04  4-  2  HCl  4-  2  Hg. 

Mercurous  Nitrate  is  reduced  to  mercury  under  the  same  conditions. 

7.  Zinc  in  sulfuric  acid  solution  reduces  phosphorous  acid  to 
phosphine: 

H.PO,  4-  3  Zn  +  0  R>  —  3  Zn*+  4-  3  H,0  4-  PH,  |  - 

If  the  phosphine  is  allowed  to  act  upon  a  concentrated  solution  of 
silver  nitrate  (1  :  1),  or,  better  still,  upon  the  solid  silver  nitrate,  the 
latter  is  colored  yellow,  as  with  arsine: 

PH,  4-  6  AgNO,  =  PAg,  •  3  AgNO,  +  A  UNO,. 

By  the  addition  of  water  this  yellow  compound  is  decomposed  with 
separation  of  grayish-white  silver: 

PAg,  •  3  AgNO,  4-  3  H,0  =  3  HNO,  4-  HjPO,  +  G  Ag. 

The  phosphorous  Mad  is.  however,  immediately  oxidized  by  the 

nitric  acid  to  phosphoric  acid: 

3  H,PO,  4-  2  UNO,  =  HaO  4-  2  NO  4-  8  H,PO«. 

The  mixture  of  phosphine  and  hydrogen  burns  with  an  emerald- 
green  flame. 

8.  Sulfurous  Acid  is  reduced  by  phosphorous  acid  to  hydrogen 

sulfide: 

3  II.PO,  +  H.SO,  =  3  H,PO,  4-  H,S  (  . 

Sulfur  Dioxide  in  |  boiling  solution  containing  phosphite  gives 
sulfur  and  phosphate: 

SO,  4-  2  HPOT"  -*  S  4-  2  HPO«" " 

9.  Concentrated  Potassium  Hydroxide  Solution  changes  a  phos- 
phite to  phosphate,  with  evolution  of  hydrogen, 

K.HPO,  4-  KOH  =  K,PO,  4-  H,  f , 
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but  with  dilute  caustic    potash  the    hydrogen  evolution    is  very 
slight. 

10.  Ammonium  Molybdate  gives  in  hot  solution  a  yellow,  crystal- 
line precipitate  of  (NH^HPO,  •  6  MoO,  •  2  H,0. 

Reactions  in  the  Dry  Way 

By  ignition,  phosphorous  acid  (like  hypochlorous  acid)  is  changed 
at  the  cost  of  its  own  oxygen  to  the  higher  compound,  while  the  oxidiz- 
ing part  of  the  acid  is  reduced  to  its  hydrogen  compound: 

3HC10  =  HC10,  +  2HC1; 

4  H,PO,  =  3  H #Ot  +  PH,  T  • 

The  phosphates  behave  similarly: 

8  Na,HPO,  =  4  Na.P04  +  Na«PiOT  +  HaO  +  2  PH,  | . 


metaphosphoric  acid,  HPO» 

The  monobasic  metaphosphoric  acid  is  obtained  by  treating,  phos- 
phorous pentoxide  with  cold  water, 

P,0*  +  H,0  =  2  HPO,, 

and  also  by  the  strong  ignition  of  orthophosphoric  acid: 
H,PO«  =  H.O  +  HPO,. 

Metaphosphoric  acid  is  a  colorless,  glassy,  hygroscopic  mass.     On 
boiling  its  aqueous  solution,  or  slowly  in  the  cold,  it  adds  water  to 
the  molecule,  and  is  changed  to  orthophosphoric  arid: 
IIPO.  +  HjO  =  HJ»0,. 

The  nictnpbosphutcs  arc  readily  obtained  by  heating  the  mono- 
metallic salts  of  orthophosphoric  acid, 

NaH,P04  =  H,0  -f  NaPO,, 

or  by  igniting  sodium  ammonium  phosphate: 

NaNH«HPO«  =  H,0  +  NH,  +  NaPO,. 

The  meta  salts  are  changed  into  orthophosphates  by  boiling  the 
aqueous  solution  in  the  presence  of  mineral  acid. 

There  arc  ftt  Icjut  night  different  varieties  of  mctAphosphatc*  corresponding  to 
U»c  general  formula  (MPO,)»  in  whieh  M  is  a  univalent  metal.  Most  of  these  have 
been  found  to  give  corresponding  polymeric  free  acids  of  the  type  IHPOiU. 

SolulfUHy.  —  The  metaphosphatcs  of  the  alkalies  and  of  magnesium 
are  soluble  in  water;  the  remaining  salts  are  difficultly  soluble  or 
insoluble  in  water,  readily  soluble  in  nitric  acid,  and  in  an  excess  of 
metaphosphoric  acid  or  an  excess  of  alkali  metaphosphate. 

Rear  t  Ions   in    the   Wet   Way 

•Sodium  metaphosphate  is  used  for  the  following  tests: 

1.  Sulfuric  Acid  causes  no  visible  reaction. 

2.  Silver  Nitrate  precipitates  white  silver  metaphosphate,  soluble 
in  ammonia  and  in  nitric  aeM 

P0r  +  Ag+^AgPO,. 

3.  Barium  Chloride  precipitates  voluminous  barium  metaphos- 
phate, soluble  in  nn  excess  of  sodium  metaphosphate,  from  whirl. 
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solution  ammonia  causes  no  precipitation.     Barium  sodium  dimeta- 
phosphate  (or  a  similar  polymetaphoaphate)  is  probably  formed. 

4.  Magnesium  Salts  cause  no  precipitate  from  moderately  dilute 
solutions,  even  on  boiling  (difference  from  orthophosphoric  acid). 

5.  Ammonium  Molybdate  produces  no  precipitate  in  the  cold;  but, 
on  boiling  the  acid  solution,  metaphosphoric  acid  is  changed  to  ortho- 
phosphoric  acid  and  the  characteristic  precipitate  of  ammonium 
phosphomolybdate  is  formed. 

6.  Albumin  Solution  is  coagulated  by  an  aqueous  solution  of  the 
free  acid  (difference  from  pyro-  and  orthophosphoric  acids),  but  not 
by  a  solution  of  alkali  metaphosphate,  except  on  the  addition  of  acetic 
acid. 

7.  Zinc  in  Acid  Solution  does  not  reduce  metaphosphoric  acid 
(difference  from  phosphorous  acid). 

Behavior  in  the  Dry  Way 

The  alkali  metaphosphates,  on  being  fused,  form  a  glassy  mass, 
which  has  the  property  of  dissolving  many  metallic  oxides,  forming 
orthophosphates  with  characteristic  colors.  (See  Phosphoric  Acid.) 
By  fusion  with  soda,  orthophosphates  are  formed  from  metaphos- 
phates. 


Pyrophosphoric  Acid,  HJPiO? 

The  tetrabasic  pyrophosphoric  acid  is  formed  by  heating  ortho- 
phosphoric  acid  to  213°.  It  is  a  soft,  glassy  DUMB,  readily  soluble  in 
water;  in  aqueous  solution  it  gradually  adds  water  to  the  moleoolfl 
and  ia  changed  to  phosphoric  Hcid,  the  change  taking  place  quickly 
'in  bniling  the  solution. 

The  salts  of  pyrophosphoric  acid,  the  pyrophosphates,  are  obtained 
by  igniting  the  dimetallic  phosphates: 

2  Na,HPO<  =  H.O  +  Na«P,Or. 

Solubility.  —  The  pyrophosphates  of  the  alkalies  are  soluble  in 
water;  the  remaining  pyrophosphates  are  difficultly  soluble  or  insol- 
uble in  water,  but  are  all  soluble  in  acids,  and  some  are  soluble  in  an 
exceea  of  sodium  pyrophosphate. 

Reaction*  in  the  Wet   Way 

A  solution  of  sodium  pyrophosphate  is  used  for  these  tests. 

1.  Sulfuric  Acid.  —  No  read  ion. 

2.  Silver  Nitrate  gives  a  white,  curdy  precipitate,  soluble  in  am- 
monia ami  in  nitric  acid. 

3.  Barium  Chloride  causes  a  white,  amorphous  precipitate,  soluble 
in  acids. 

4.  Magnesium  Chloride  produces  a  white  precipitate  which  is 
soluble  in  an  excess  of  the  magnesium  salt,  as  well  as  in  an  excess  of 
sodium  pyrophosphate.  By  boiling  this  solution  a  precipitate  ii 
formed,  which  does  not  disappear  on  cooling. 

5.  Ammonium  Molybdate  produces  no  precipitation  in  the  cold; 
but,   on   warming,  yellow  ammonium   phosphoniolybdate  is  pr< 
tated. 

6.  Albumin  is  not  coagulated  by  free  pyrophosphoric  acid  (differ- 
ence from  i]ii-t:i|j!ios]jhorii-  arid). 

7.  Cupric  Sulfate  gives  a  pale  blue  precipitate. 

8.  Cadmium  Chloride  gives  a  white  precipitate  in  acetic  acid  solu- 
tions. Ortho-  and  metaphosphates  do  not  give  these  last  two  re- 
actions. 

Behavior  in  the  Dry  Way 

All  pyrophosphates  on  l>eing  fused  with  sodium  carbonate  are 
changed  to  orthophosphates: 

Na,P,0,  +  Na,f  ( 1,  =  CO,  +  2  Na,P04. 


iodic  acid,  mo, 

Occurrence.  —  In  sea-water  and  in  Chili  saltpetre  as  potassium 
iodate. 

Formation.  —  By  oxidizing  iodine  with  fuming  nitric  acid  or  by  the 
action  of  chlorine  upon  iodine  suspended  in  water; 

3  I,  +  10  HNO,  =  6  HIOa  +  10  NO  +  2  HjO; 
Ii  +  6  11,0  +  5  CI,  =  10  HCI  +  2  I1IO,. 

Iodic  acid  itself  is  a  colorless  solid  which  crystal  I izes  in  the  ortho- 
rhombic  system.  Its  anhydride,  IjOj,  is  obtained  as  a  white  crystalline 
powder.  Both  dissolve  in  water  and  on  being  heated  give  iodine, 
oxygen  and  water  as  deconi position  products.  Iodic  acid  is  a  strong 
acid  and  its  solutions  are  largely  ionized. 

The  most  important  iodate,  KI03,  is  obtained  by  the  action  of 
iodine  upon  a  slightly  acid  solution  of  potassium  chlorate: 

5  KCIO,  +  3  I,  -f  3  H,0  =  5  KIO,  +  HIO,  +-  5  HCI 

Iodatea  are  also  formed  by  the  action  of  iodine  upon  alkali  hydroxide 

solutions: 

3  I,  +  0  KOH  =  5  KI  +  KIO,  +-  3  H,(). 

In  alknline  solutions  iodides  are  oxidized  to  iodat.es  by  hypochlo- 
rites and  potassium  permanganate. 

Solubility,  —  The  iodatea  of  the  alkalies  are  soluble  in  water,  but 
the  remaining  iodide*  are  dirHeiillh  soluble  or  insoluble. 

Reaction*  in    rlu-    Wet    Way 

1.  Sulfuric  Acid.  —  Neither  dilute  nor  concentrated  sulfuric  acid 
deeomposae  iodic  amdj  bul  if  reducing  substances  are  present  a1  the 
same  time  (such  as  hydriodic  acid,  hydrogen  sulfide,  ferrous  salts, 
etc.),  the  iodic  acid  is  reduced,  with  separation  of  iodine: 

EOT  +  5  I"  +  6  H+  —  3  H,0  +  3  I,. 

2.  Silver  Nitrate  precipitates  white,  curdy  silver  ioilate,  AglO,. 
readily  soluble  in  ammonia,  bat  difficultly  soluble  in  nitric  acid. 

3.  Barium  Chloride  precipitates  white  barium  iodate.  difficultly 
soluble  in  hot  water  (100  parts  of  boding  water  dissolve  ().(i  part  of 
t  bfl  salt),  and  only  slowly  soluble  in  dilute  hydrochloric  or  nitric  acids. 

4.  Lead  Acetate  precipitates  lead  iodatc,  difficultly  soluble  in  water 
and  only  slightly  soluble  in  nitric  acid. 

400 
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6.  Reducing  Agents. 

(a)  Hydriodic  acid  reduces  iodic  acid,  with  separation  of  iodine: 

IOr  +  5  I"  4-  6H+  —3  H,0  +  3  Is. 

The  presence  of  acid  is  necessary  and  the  miction  will  nuiiiinie  only  as  long  as  an 
approcmblo  quantity  of  hydrogen  ions  is  present.  Iodide  and  iodate  ions,  therefor*, 
MOM  mtlltf  Himtfftfl  of  u  solution. 

If  the  solution  is  concentrated,  the  iodine  separates  out  as  a  brown 
powder;  dilute  solutions  are  colored  yellow.  The  todinfl  may  bfi 
absorbed,  with  a  reddish-violet  color,  by  shaking  the  aqueous  solution 
with  chloroform  or  carbon  disulfide. 

(b)  Sulfurous  acid  also  causes  separation  of  iodine,  unless  a  large 
excess  of  sulfurous  acid  is  added : 

2  10,"  +  5  SO,""  +  2  H+  —  5  S0«—  4-  H,0  4-  I,, 

ior  +  3  80a—  -*  3  sor*  +  r. 

The  reduction  takes  place  according  to  the  last  reaction  when 
three  molecules  of  sulfurous  acid  are  present  to  one  of  iodate;  sul- 
furous acid  reacts  with  free  iodine  (cf.  p.  371). 

(c)  Zinc  ilust  (or,  better,  Devarda's  alloy)  reduces  neutral  iodate 
solutions  to  iodide. 

(d)  Hydrogen  Sulfide  reacts  with  iodic  acid  causing  precipitation  of 
sulfur  ami,  at  first,  iodine  is  liberated: 

2  IOr  +  5  H2S  +  2  H+  —  I,  +  5  S  +  (i  H,< ). 

but  further  addition  of  hydrogen  sulfide  causes  the  disappearance  of 

the  iodine: 

I,  +  H2S^2H-»--f-2I--r-S. 

The  entire  reaction,  therefore,  after  an  excess  of  hydrogen  sulfide  has 
been  added,  is 

IOr  +  3  HaS-*I"  +  3  H,0  +  3S. 

Phosphorus,  either  white  or  red,  reacts  energetically  with  iodic  acid 
even  in  dilute  solutions: 

P,  +  4  10,"  +  4  H,0  —  4  HiPOr  +  2  I,. 

Reactions  in   the  Dry  Way 

Heated  on  charcoal  the  iodates  deflagrate,  but  not  so  strongly  a* 
the  chlorates;  they  are  all  decomposed  on  being  heated,  some  with 
and  some  without  the  separation  of  iodine.  Thus  all  neutral  iodates 
of  the  alkalies  arc  easily  decomposed  into  iodide  and  oxygen,  while 
the  biludatea  set  free  iodine  at  the  same  time: 
2KIO,  =2KI+30,; 
4  |KI0,  •  HIO,]  -  4  KI  +  11  O,  +  2  HtO  +  2  It. 


GROUP  IV 

Silver  Nitrate  produces  in  neutral  solutions  a  colored  precipitate, 
soluble  in  nitric  acid. 

Barium  Chloride  also  produces  a  precipitate  which  is  soluble  in 
nitlio  acid. 

PHOSPHORJC  ACID,  H1PO4 

Orthophosphoric  acid  is  obtained  by  the  oxidation  of  phosphorus 
by  means  of  nitric  acid,  or  by  boiling  the  meta-  and  pyro-phosphoric 
acids  with  water. 

The  anhydride,  PjO*,  is  •  white  substance  resembling  snow  in  appearance. 
Exposed  to  the  air  it  absorbs  water  rapidly  and  is,  thus,  one  of  the  moit  efficient 
drying  agents  for  gases.     It  1*  d"'  anhydride  of  ortho,  mota  ami  pyriiphuxphuric 

!linl>. 

Orthophosphoric  acid,  IWO,,  forms  water-clear  crystals  which  arc  very  hygro- 
scopic and  quickly  become  changed  to  ■  -imp  by  exposure  to  the  air.  By  very 
strong  heating  in  an  open  diah  it  can  be  volatilized  and  the  vapors  fume  in  the  air. 
There  are  but  few  acids  which  will  not  decompose  or  volatilize  upon  such  strong 
healing. 

l'liii.-phtirtc  acid,  ami  by  I  Ul  name  the  ortho  acid  is  always  meant  unless  the  prefix 
mct.i  nr  |,vrn  m  used,  is  tn basic,  arid  forms  salts  in  which  either  one,  two  or  three 
hydrogen  atoms  are  replaced  by  metals.  Salts  like  NarliPOi  and  Ca(IiiPO(),  arc 
called  preferably  primary  phosphates,  but  are  often  called  dihydragen  phosphates  or 
acid  phosphates.  Salts  Uke  XajHPO«  and  CaliPO«  are  called  secondary  phosphates; 
the  former  is  often  called  diaodium  phosphate  and  the  latter,  according  to  this  clumsy 
nomenclature,  would  be  nionocalcium  mono-hydrogen  phosphate.  Salts  like 
N34PO4  and  Oai(PO()j  are  tertiary  phosphates  though  sometimes  called  trumdium 
phosphate  and  tricalcium  phosphate. 

The  first  hydrogen  of  phosphoric  acid  correspond*  to  that  of  a  moderately  strong 
acid  (of.  p.  10).  The  second  hydrogen  i*  ionized  to  alxiut  the  same  extent  as  the 
first  hydrogen  of  carbonic  acid  or  hydrogen  sulfide  and  this  is  enough  to  give  an 
acid  reaction  with  phcnolphthalcin  but  not  with  methyl  orange.  The  third  hydrogen 
of  phosphoric  acid  is  scarcely  ionized  at  all,  or  only  about  as  much  as  the  second 
hydrogen  of  hydrogen  mil 

1/  a  solution  of  phosphoric  acid  is  neutralized  with  eaustic  aoda  using  methyl 
orange  as  indicator,  the  neutral  point  will  be  reached  when  all  the  phewphorie  acid 
is  converted  to  primary  phu«phiite  or,  111  other  words,  when  one  hydnigttn  has  been 
neutralized  in  every  molecule  of  HjKV  With  phenolplitholein  as  an  indicator,  the 
solution  will  be  neutral  when  sodium  secondary  phosphate  is  formed. 

An  aqueous  solution  of  sodium  primary  phosphate,  NaHiPO*.  is  neutral  to 
:i:i:l.vl  orange  and  acid  to  phennlphthalein,  an  aqueous  solution  of  sodium  secon- 
dary phosphate  is"  alkaline  to  methyl  orange,  and  neutral  to  phenolphthalein.  An 
aqueous  solution  of  sodium  tertiary  phosphate  is  alkaline  to  all  indicators. 

MB 
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A  mixture  of  sodium  hydroxide  and  phouphorir  arid  niudc  in  the  proportion  of 
one  and  one-half  molecule*  of  base  to  one  molecule  of  acid  will  react  acid  to  phe- 
nulphthalcin  and  basic  to  methyl  orange;  moreover,  it  will  take  just  as  muoli  half- 
norm&l  acid  to  neutralize  such  a  solution  with  methyl  orange  as  indicator  as  it  does 
of  half -normal  alkali  to  neutralize  the  solution  with  phenolphthalein  ax  indicator. 

Solubility.  —  The  phosphates  of  the  alkalies  are  soluble  in  water, 
and  so  art-  the  primary  salts  of  the  alkaline  earths.  The  secondary 
phosphates  of  the  alkaline  earths  are  very  difficultly  soluble,  while  the 
corresponding  tertiary  phosphates  (as  well  as  all  other  phosphates) 
are  insoluble.     All  phosphates  dissolve  in  aeids  (ef.  p.  48). 

Reactions  in  the   Wet  Way 

Use  a  solution  of  sodium  secondary  phosphate  for  these  reactions. 

1.  Sulfuric  Acid,  dilute  or  concentrated,  produces  no  visible  change. 

2.  Silver  Nitrate  produces  a  yellow  precipitate  of  silver  phosphate 
(difference  from  meta-  and  pyrophosphoric  acids), 

2  HPOr  "  +  3  Ag+  =  H,POr  +  AfcPO,, 

readily  soluble  in  nitric  acid  and  in  ammonia.    The  precipitate,  there- 
fore, can  be  formed  only  in  neutral  solution. 

3.  Barium  Chloride  precipitates  a  white,  amorphous  phosphate: 

HPOr  "  4-  Ba++  -» BftHPCv 

In  the  presence  of  ammonia  the  less  soluble  tertiary  Bait  is  precipitated: 

2  HPOr"  +  3  Ba4^  +  2  NH,  =  2  NH,+  +  Ba,(PO«),. 

The  barium  phosphates  (as  well  as  those  of  the  other  alkaline 
earths)  are  easily  dissolved  by  acids,  even  acetic  acid  (difference  from 
aluminium  and  ferric  phosphates).  From  these  acid  solutions,  am- 
monia reprecipitates  the  phosphate. 

In  pure  water  HiIO«~  is  disnociated  to  about  0.1  per  cent,  but  in  the  pretence  of 
mtfa  •"id  to  •'  BOOh  less  extent.  BaHPO«  in  contact  with  water  furnudu-*  more 
IIPO,~~  ions  than  does  IIjPO,-  in  the  prewenee  of  nectic  acid,  therefore  H.illl1\ 
diawlvi*.  Similarly  Hai(PO«)i  dissolves  in  order  to  establish  equilibrium  between 
ll«  nn. I  I'D,  -  ions.  Aluminium  phfltphstfl  ll  iMitOhlblfl  than  barium  phosphate 
and  therefore  require*  a  stronger  iv  .solve  it. 

By  adding  ammonia  the  hydrogen  ions  are  neutralised  and  PO,  ions  are 
obtained  in  equilibrium  with  Nib*  ions,  and  Bai(P04)i  is  reprecipitated. 

4.  Magnesia  Mixture  (an  aqueous  solution  of  ammonium  chloride, 
ammonia,  and  magnesium  chloride)  precipitates  from  very  dilate 
solutions  white,  crystalline  magnesium  ammonium  phosphate, 
MgNH,PO,4-6H,0, 

HPOr"  4-  Mg++  4-  NH,  —  MgNHJ^ 
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which  is  soluble  in  all  acids,  but  practically  insoluble  in  dilute  2$  per 

1 1  ill  ammonia  (cf.  p.  78). 

&   Ferric  Chloride.  —  If  a  solution  of  solium  phosphate  is  treated 

with  ferric  chloride,  ft  yellowish-white  prccipil.-itc  of  ferric  phosphate 

is  formed: 

HPOr"  +  Fe-H-«-  «=:  H+  +  FePO,. 

Hydrogen  iomi  are  formed  in  this  react  ion  and,  as  might  be  expected  from  the 
moss-action  principle,  tlio  precipitation  of  the.  phosphoric  acid  is  not  Quantitative 
unless  i  bfl  greater  part  of  the  hydrogen  ionH  arc  removed.  This  may  lie  MOOmpBatMi  I 
by  adding  ammonium  acetate,  as  the  hydrogen  ions  must  form  non-ionised  acetic 
acid  to  be  in  equilibrium  with  tin-  .-ueluie  urns  (cf.  p.  IT j. 

HPO,—  +  CH.O,-  +  Fc+++  -  HCH.O,  +  FePO.. 

Moreover,  if  the  reaction  taken  place  in  u  boiling,  dilute  solution,  the  execs*  of 
the  iron  can  br  precipitated  n-s  ha-dc  ferric  ncointr.  II  the  rnlutnm  is  filtered  hot, 
:i   liltrnti  I  which  w  free  from  iron  nnd  from   |>ln.  j . ! , .  - 1  n-  ueul.      If,  how- 

ever,  it  cools,  some  of  the  iron  rocs  back  into  solution  and,  as  ferric  phosphate  is 
appreciably  soluble  in  ferric  acotati  nlunon.  -omc  of  tin-  phosphoric  acid  also  goes 
into  solution. 

Since  ferric  phosphate,  unlike  the  phosphates  of  the  alkaline  earths,  is  insoluble 
in  acetic  aeid.  u  :■  i  vident  that  phosphoric  acid  may  bo  removed  from  a  solution 
of  alkaline  earth  phosphate  in  acetic  acid  by  adding  ferric  chloride,  an  excess  of 
soluble  acetate  and  lioiling. 

To  accomplish  this,  dissolve  the  phosphate  in  a.*  little  hydrochloric  acid  as  possil  >)<.', 
add  ammonium  carbonate  until  a  «hght  ixriiinnciil  precipitate  i«  obtained  and 
dissolve  the  precipitate  by  adding  one  or  two  drops  of  G-normal  hydrochloric  acid. 
Add  an  excess  of  ammonium  acetate  and  ferric  chloride,  drop  by  drop  until  t In- 
solution  above  the  yellowish-white  precipitate  of  ferric  phosphate  is  colored  dis- 
tinctly l.rown  by  colloidal  ferric  hvlro\nI'\  Dilute  with  cou»dertiMe  water,  heat 
to  boiling  and  tiller  while  hot.  To  deter!  phosphoric  acid  in  the  precipitate  dis- 
solve i'  in  nitrii-  .-u-iil,  evaporate  the  solution  to  a  small  volume  and  treat  ivith 
■unrnonium  molybdatc  solution;    a  yellow,   crystalline  pn-npii  lie  of  ammonium 

l>lu>*pliuinotybdatt    piOTeti    tin-   |>n--.-in-i-   of    pluxplioiii-    iicid,      <  >  i .   diMllvc   tin-   iron 

precipitate  in  hydrochloric  acid,  add  2  gms.  of  tartaric  acid  to  pn.-v.-nt  1c  pn.cipi- 
totion  of  iron,  add  ammonia  in  excess  and  then  some  magnesium-ammonium  chlo- 
ride mixture.  A  white  precipitate  of  magnesium  ammonium  phosphate  shows  the 
presence  of  phosphoric  acid. 

6.   Ammonium  Molybdate,  in  large  excels,  precipitates  from  nitric 
solutions,  in  the  cold  on  standing  linorc  quickly  on  slightly  warm- 

iiigi  :i  yellow.  irvKt.'illiiic  precipitate  of  ainiiioniiiui  pliosphomolybdate: 

B*POi  -f- 12  (NHOtMoOi  +  21  UNO,  = 
=  (NH0*PO4  •  12  MoO,  +  21  NIUNO,  -f-  12  HiO. 

This  reaction  is  analogous  to  that  with  arsenic  acid  (cf .  page  246),  except  that 
the  arsenic  com i'  [<MBMd  ijuiekly  Oflly at  the  boiling  temperature.     The  pres- 

ence of  ammonium  nitrate  greatly  facilitate*  the  formation  of  this  preripit  ,tc 
Ammonium  phosphomolybdate  is  readily  soluble  in  alkalies  and  in  ammonia, 
(IiaiiPO. •  12  M0O.  +  23OH-  —  8NH1+  +  HPO4""  +  12 MoO"  +  11  HiO, 
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also  in  an  execs*  of  alkali  phosphate  solutions,  forming  compounds  which  contain 
less  molybdenum,  li  i.-.  i  liii'fn  n  .  .-iK\-n:-  iMi-casary  to  prevent  the  formation  of 
niirh  compound*  by  the  addition  of  a  large  excess  of  amiriuiiiiiin  mulyhdate. 

Detection  of  Phaaphorua  in  Iron  and  Steel.  —  Phosphorus  is  present  in  iron  and 
steel  oa  iron  phosphide,  but  only  to  n  slight  extent  (usually  leas  than  0.1  per  cent). 
To  detect  the  phosphorus  it  is  necessary  to  oxidise  it  to  phosphoric  acid  and  then 
use  one  of  the  above  reactions.  As,  however,  very  small  amounts  of  phosphorus 
are  present,  it  is  necessary  to  start  with  a  large  amount  of  the  original  substance  in 
order  to  obtain  u  perceptible  phosphorus  test.  It  is  Is-st  to  proceed  us  follows: 
Dissolve  .i  In  ID  gins,  of  1 1  if  iron  nr  steel  in  (K)  re.  of  fl-normal  nitric  acid,'  evaporate 
the  solution  to  dryness  and  ignite  over  a  free  flarno  {with  constant  stirring)  until 
no  more  red  fumes  arc  given  off.  All  organic  matter  is  thereby  destroyed,  silicic 
acid  is  dehydrated  and  the  oxidation  of  the  phosphorus  to  phosphoric  acid  ia  com- 
pleted. After  oooliagj  iTinmilm  |1m  oxides  in  50  ce.  of  12-normal  hydrochloric  acid 
(warming  gently),  evaporate  off  the  excess  of  acid,  dilute  and  filter  off  the  silica.  In 
the  Filtrate  all  the  iron  and  all  the  phosphoric,  acid  will  lie  found,  and  the  latter  may 
be  detected  by  either  the  mulyhdate  or  the  magnesia-mixture  reaction.  To  detect 
the  phosphoric  acid  according  to  the  former  method,  evapornte  to  dryness  the  fil- 
trate obtained  after  the  removal  of  the  silica,  dissolve  the  residue  in  as  little  ft-nornial 
mine  urn!  us  possible,  add  .50  ce.  of  ammonium  rnolybdate  solution  and  15-20  cc.  of 
a  78  per  cent  ammonium  nitrate  solution,  heat  the  mixture  gently,  shake  or  stir 
vigorously  and  nllow  it  to  stand  an  hour.  A  yellow,  crystalline  precipitate  shows 
the  presence  of  phosphorus. 

To  detect  the  phosphorus  according  to  the  magnesia-mixture  method,  it  is  neoes- 
miry  I'irvt  tn  H'linne  I  In-  i'nali'1  |.:ul  nl  the  iron.  Neutralize  the  hydrochloric  arid 
filtrate  with  ammonia,  add  a  saturated  solution  of  sulfur  dioxide  and  boil  the  solu- 
tion, whereby  the  previously  dark-colored  solution  is  either  decolorized  or  Incomes 
a  light  groen.  Add  20  ce.  of  12-nornial  hydrochloric  acid,  and  boil  tin'  solution 
until  the  excess  of  sulfur  dioxide  is  expelled.  By  thin  operation  all  the  ferric  salt  ia 
reduced  to  ferrous  salt.  Add  n  few  drops  of  chlorine  water  (which  forms  a  little 
ferric  salt),  neutralize   with  ammonia  and  dilute  to  about  a  liter;    add  3  cc.  of  a 

saturated  solution  of  ammonium  acetate,  B  ( I  nl    and  Ileal   the  solution 

to  boiling.  All  the  ferric,  salt  and  all  the  phosphoric  neid  will  lie  precipitated  in 
the  form  of  feme  phosplmte  and  basic  ferric  acetate,  while  the  greater  part  of  the, 
iron  remains  in  solution  aa  ferrous  salt.  Filter  off  the  light  drown  precipitate 
through  a  small  plaited  filler,  iraeh  it  with  hot  water,  and  dissolve  in  dilute  hydro- 
chloric acid.  Evaporate  lb*  solution  almost  to  ilrym-.-..  add  2  gma.  of  citric  (or 
tartaric)  acid  (which  should  be  dissolved  in  as  little  water  re  pO)  Ah),  add  an  excess 
of  ammonia,  and  precipitate  the  phosphoric  acid  by  the  addition  Of  magnesia  mix- 
ture-    A  white,  crystalline  precipitate  ebowi  t lie  presence  of  phosphoric  acid. 

7.  Lead  Acetate  precipitates  white  It-ad  phosphate,  nearly  insoluble 
in  acetic  acid : 

2  HPOr  "  +  3  Pb~  -t-  2  GiBtOT  —  2  HC,HsO,  +  Pb,(PO»)*. 

8.  Zinc,  in  acid  solutions,  does  not  reduce  phosphoric  acid  (differ- 
from  phosphorous  and  hypophoHphorous  acids' 

•  If  the  iron  were  dissolved  in  MCI  or  HiSO,,  part  or  even  all  of  the  phosphorus 
would  escape  as  phoepbiuo.    Nitric  acid  oxidises  the  phosphorus  to  phosphoric  acid. 
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9.  Metastannic  Acid.  —  If  metallic  tin  is  added  to  a  nitric  acid 
solution  of  phosphoric  add,  or  a  phosphate,  the  tin  is  changed  to 
mctosUiniiir  add,  which  unites  with  the  phosphoric  acid,  forming  an 
adsorption  compound.  This  reaction  is  often  used  to  remove  phos- 
phoric said  from  an  arid  solution  without  the  introduction  of  cation*. 

Tin-  1 1  rt  - 1  ■  i  |  •  1 1 : « '  ■  •  li:i-  U't-n  rvnan  led  .i>  nii-la^laiinir  :niil  and    - !  jiii  1 1  n-  f  ■  i>i .:-  j  >1  i.-Lt  i-  i>r 

M  a  complex  phoHpho-atannic   acid,  but  Werner  MccklenbcrR  *  has  shown  that 

the  phriiomi'iiu  i*  one  of  udnorptiun  rather  lliun  truo  chemical  ■■■ Iiinuiion      The 

precipitation  nf  the  phosphoric  acid  nui  lie  iHToinpli*hcd  l»y  the  aclilitimi  <if  mlliiidul 
ftumie  li.vdrnxide,  previously  formed  by  the  treatment  of  tin  with  nitric  acid.  The 
preeence  of  hydrochloric  ncid  ptploniut  or  dissolve*  the  adsorption  compound  so 
that  t ho  rrflf'iinn  will  not  take  plaee  if  much  hydrochloric  actd  is  pnwent.  Accord- 
ing to  Gottcrmaim  and  r-i  1 1 i  in  1 1 n-1  u i , f  phosphor  i«  mU  ran  l>c  precipitated  from  tiitutr 
hydrochloric  solutions  by  a  cold,  concentrated,  frcshly-proparcd  solution  of  stannic 
chloride  (2  or  3  (.  SnCl,  to  0.5  «.  H.PO.). 

10.  Mercurous  Nitrate  precipitates  from  neutral  solutions  whit* 
mmurous  phosphate,  soluble  in  nitric  acid  but  insoluble  in  acetic 
acid. 

11.  Albumin  is  not  coagulated  by  nrthophosphoric  acid. 

Reactions  in  the  Dry   Way 

The  tertiary  salts  of  the  alkalies  melt  without  decomposition;  the 
secondary  salts  lose  water  and  are  changed  to  pyrophosphates  while 
the  primary  salts  form  a  glassy  mctaphosphate. 

The  so-called  "salt  of  phosphorus,"  or  "mlcvoOMndfl  salt," 
NaNH«HPO«-f-4  HjO,  which  is  much  used  as  a  reagent,  loses  water 
and  ammonia  on  being  fused,  forming  a  rlear  glass  of  sodium  mcta- 
phosphate : 

NaNH,HP04-4  H,0  =  .r>  H,0  |  +  NH,  T  +  NaPO* 

If  the  salt  is  heated  in  the  loop  of  a  plat  inuto  wire,  n  clear  bead 
is  obtained  —  the  so-called  "salt  of  phosphorus  "  bead. 

Just  as  metaphosphorir  arid  unites  with  water,  on  boiling  its  solu- 
tion, forming  orthophoephoric  a<  i  I. 

HP0.+  HjO  =  H,PO„ 

so  sodium  metaphosphate  dissolves,  at  the  fusion  temperature, 
great  many  metallic  oxides,  forming  characteristically  colored  ortho- 
phosphates, 

NaPO,  +  CuO  -  NaCuPO.  (blue  bead), 


•  Z.anal.Ckem,  53,  203. 

t  B<r.,  49,  2416.    Z.  anal.  Chem.,  to,  205. 
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which  may  be  changed  in  the  reducing  flame  to  metaphoephate  again : 
NaCuPO*  +  C  =  CO  +  Cu  +  NaPOj. 

Brawniah  red  opaque  bwd 

Many  anhydrous  phosphates  are  reduced  by  heating  with  mag- 
nesium to  phosphides,  which,  on  being  breathed  upon,  give  the  peculiar 
odor  of  phosphine: 

Ca,(PO«).  +  8  Mg  =  8  MgO  +  CaJ»,; 
CaJ>,  +  6H.0  -  3Ca(OH),  +  2PH,| . 


PHOSPHORUS,  P.    At.  Wt.  31.04.    Mol.  Wt.  P,  =  124.16 
M.P.  =  44.1° 

Occurrence.  —  Phosphorus  is  found  in  nature  only  in  the  form  of 
phosphate*,  of  which  Calcium  phosphate  is  the  most  important.  It 
occurs  as  apatite,  < 'a»(PO«)a(Cl,F),  in  hexagonal  crystals,  and  in  an 
impure  state  as  phosphorite,  which  is  used  extensively  as  a  fertilizer. 
Calcium  phosphate  is  ;ilsn  :in  imjiort  nut  constituent  of  lumes  and  T 1 1 « - 

seeds  of  plants 

A  very  interesting  occurrence  of  phosphorus  is  pyromorphite  (rf. 
p.  217),  isomorphous  with  apatite,  vanadinite,  and  mimctcsitc. 

Properties.  —  Phosphorus  exists  in  four  allotropic  forms:  (a)  As 
ordinary  or  colorless  phosphorus,  (o)  As  red,  crystalline  phosphorus, 
(c)  As  bright  red  phosphorus,     (d)  As  black,  crystalline  phosphorus. 

Ordinary  phosphorus  is  poisonous,  is  colorless  when  pure  (it  be- 
comes yellow  on  exposure  to  the  light,  and  is  coated  with  a  layer  of 
red  phosphorus),  melts  at  44°  C,  and  ignites  at  60°  G  in  the  air,  so 
that  it  must  !><■  kept,  covered  with  witter,  in  wliich  it  is  insoluble. 
It  ||  readily  soluble  in  carbon  disulfide,  and  slightly  soluble  in  ether. 
It  is  easily  oxidized  by  nitric  acid  to  phosphoric  acid: 

3P«  +  20HNO,  +  8H»O  =  12 H,PO«  4-  20 NO  | . 

The  colorless  phosphorus,  but  not  the  red  modification,  is  oxidized 
to  hypophosphorous  and  phosphorous  acids  by  exposure  to  moist  air. 

Tti*  runs,--  tin  cli:u.M  tni -ii,  | ,lu,s| >ln in >Ufl  u.inr,  . 1 1 n J .  in  the  dark,  .'i 
pale  green  luminescence.  If  phosphorus  vapors,  or  phosphine,  are 
allowed  to  act  upon  most  silver  nitrate  paper,  the  latter  is  blackened, 
on  account  of  the  formation  of  silver  phosphide  and  metallic  silver. 
The  reaction  probably  takes  place  in  this  way:  First,  the  phasphorus 
reacts  with  water  to  form  phosphine  and  hypophosphorous  acid, 

P,  +  6  H»0  =  3  HaPOj  +  PH,  T  ,* 
which  then  react  with  the  silver  nitrate: 

H,PO,  4-  2  H,0  4-  4  AgNO,  =  4  HXO,  4-  H,PO<  4-  4  Ag; 
PH,  4-  3  AgNO,  =  3  HNO,  4-  AgJ>. 
This  exceedingly   sensitive   reaction   for  colorlest  phosphorus   was 


*  Phosphorus  and  water  by  theauelvoa  do  not  react  in  accordance  with  this 
equation,  but  it  Mem*  probable  that  they  do  m  thf  presence  of  silver  nitrate. 
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discovered  by  Scheuer.*  It  is  a  decisive  test  only  when  no  other 
substance  is  present,  such  as  H»8,  H*As,  HjSb,  form.-i l.lchv d<-  or  formic 
acid,  which  is  capable  of  reacting  with  silver  nitrate. 

Red  -phosphorus  is  crystalline  (hexagonal,  rhombohedral) ,  and  is 
formed  by  heating  ordinary  phosphorus  to  about  250°  out  of  contact 
with  the  air.  It  is  not  poisonous,  is  insoluble  in  carbon  disulfide,  and 
does  not  ignite  until  heated  to  256°.  It  is  non-luminous  in  the  dark, 
docs  not  oxidize  in  the  air,  but  iv  iv.-ulily  oxidized  by  nitric  acid  to 
phosphoric  acid. 

Light-red  phosphorus  is  obtained,  according  to  Schenk.t  by  heat- 
ing a  solution  of  white  phosphorus  in  phosphorus  tribromidc  for  hours 
with  a  return-flow  condenser.  The  phosphorus  which  then  sepa- 
rates is  of  a  light-red  rolor,  is  not  poisonous,  but  enters  into  reaction 
so  readily  that  it  is  easily  distinguished  from  red  phosphorus.  It 
dissolves  in  concentrated  potassium  or  sodium  hydroxide  with  a 
stormy  evolution  of  phosphine,  the  reaction  taking  place  even  more 
readily  than  with  white  phosphorus.  When  covered  with  ammonia, 
it  blackens. 

Black  phosphorus  is  obtained  when  red  phosphorus  and  lead  are 
heated  together  in  a  sealed  tube  to  a  red  heat  and  the  mass  treated 
with  dilute  nitric  acid  after  it  is  cold;  the  lead  dissolves  and  leaves 
the  phosphorus  as  black  phosphorus.  By  heating  to  360°  it  is  changed 
to  ordinary  phosphorus  again. 

Phosphorus  is  found  in  a  great  many  organic  substances.  In  order 
to  detect,  its  presence,  the  compound  is  heated  in  a  sealed  tube  with 
fuming  nitric  acid,  which  destroys  the  organic  matter  and  oxidizes 
the  phosphorus  to  phosphoric  acid  (detected  by  any  of  the  above 
reactions). 

ArsGnious,  arsenic,  and  chromic  acids,  which  also  belong  to  this 
group,  have  already  been  described  on  pp.  240,  244  and  146. 

MUacherlich  Tr*t  for  W  hiir.  Poiaonau*  Photphortut 

This  sensitive  test  is  baaed  upon  the  luminescence  of  white  phosphorus  when 
exposed  to  moist  «ir  iii  tl»e  dark.  It  is  used  U>  detect  phosphorus  in  cm*  of 
poiwinniK. 

Procedure.  —  Place  the  food  residue*,  or  finely-cut  piece*  of  the  body,  in  Ihe 
liter  flask  K  iI'ir.  241  and  add  cnouiih  water  to  form  a  thin  parte.  Then,  while 
shaking,  add  tartaric  acid  to  slightly  acid  reaction,  in  order  to  combine  with  any 
ammonia  pmtrnl  C\  im  .  i  the  tube  R  with  the  flask  and  hi'nt  the  contents  of  the 
latter  to  boiling.    Carry  out  thi«  n[N-ration  in  a  dark  room.    As  the  vapors  condense 


•  Ann.  Chem.  Phy*.,  118,  2H  (1869). 

t  Bff.,86,879  (1903). 

t  J.  pr.  Chem.,  68,  238  (1865). 
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in  the  tube  A,  a  greenish  luminous  tone  is  visible*  even  wheu  only  a  few  milligrams 
of  pbotpfconn  are  present.  If  larger  quantities  of  phosphorus  are  at  hand,  the 
durtillnt.-  in  the  flask  B  contains  tiny  globule*  of  phosphorus  which,  by  gently  heat- 
ing and  rotating  the  liquid,  con  be  made  to  -"licit  into  a  larger  drop;  the  aqueous 
w.liinon  also  contains  phosphorous  acid  which  can  I*  detected  by  the  method  of 
Blondlot-Dusart  (see  below  i. 


Fia.  24 


If,  therefore,  the  luum;  .parent  during  the  distillation  in  the  dark,  then 

the  presence  of  white  phosphorus  is  probable  but  not  certain,  because  phosphorus 
Bubsulfide,  PjSj,  sometimes  used  as  n  substitute  for  phosphorus  in  the  manufacture 
of  n  nitehes,  will  often  cause  luminescence  in  the  Mitscherlieh  apparatus,'  especially  if 
I  In  lie  line  oxide  is  added  to  tin-  liquid  in  A"  to  nomrflWl  with  H.3,  which  tends  to 
prevent  the  luminescence. 

If  the  luminescence  is  not  apparent,  it  b  not  certain  that  white  phosphorus  is 
absent;  traces  of  MBUO&jb)  hydrogen  sulfide,  alcohol,  cthcrcnl  oils  and  unsaturated 
hydroemrbonn,  interfere  with  the  test.  In  such  cases  it  is  ndtosable  not  to  stop  distilling 
too  soon,  as  it  often  h»p|>on8  that  I  be  interfering  substances  will  distill  over  and  then 

•  I.  Mai  and  F.  BdaUrm,  Ber..  1903.  K70;  L.  Vig.vov,  Bull.  toe.  efcem.  |3],  33, 
805  (1905),  and  BOOMI  and  Scmakst,  Ber.,  1906,  1522.  All  commercial  prepara- 
tions of  ?St  do  not.  show  luminescence  in  the  Mirsrherlieh  apparatus.  Thus  a 
sample  from   K  III  not  show  the  slightest  luminescence  by  boiling  with 

water  or  with  concentrated  salt  solution.  It  was  very  pure  and  contained  55.82 
per  cent  P  and  44.14  per  cent  G 
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I  In.1  Iiiiiiiric-ri'tii-c  ;\  ill  :q>|M'iir.  In  ease  no  luminescence  is  noticed,  mminc  ilu  ,|i- 
ull.irr.  Treat  n  part  of  it  with  strong  chlorine  water,  evaporate  id  i  mall  volutin  mi 
the  w:it«-r-li,iili  iirul  tln-n  lent  (or  plin.iplmi  n  and.     Cf.  pp.  403  and  404. 

According  to  J.  Pwot,*  the  luminosity  in  von'  distinct  in  the  flask  if  the  liquid 
in  hosted  to  boiling,  allowed  to  cool  somewhat,  and  agiuu  boiled  In  this  way 
0.004  mgm.  of  phoHphnni*  enn  Im'  detcclcd. 

Hi  ('■■  lion  of  Phosphorus  and  Phosphorous  Acid  according  to 
Blondlol  •DiiMirt  t 

Thin  lioautiful  iiH-llmil  in  based  upon  Dusart's  olwcrvatjon  that  hydrogen  con- 
taining phoophine,  when  allowed!  to  How  from  a  tube  provided  with  a  platinum  up, 
will  burn  with  a  Annie  having  an  emcrald-gn-cn  core.  The  gram  color  is  partn'ii- 
larly  apparent  upon  holding  a  cold  porcelain  dish  in  the  flame. 


Fia.  25 


Since  phosphorus,  phosphorous  acid  and  hypnphosphorou*  and  (not   phosphoric 

acid)  are  nmilx   i-  .1  in-.-, I  !,.    .1 pliin.    by  nine  nod   liiluN-  RlKtlric   - >■  - i ■  1 .  il   is  GMNgj 

necessary  to  pas  the  evolved  gun  through  a  tube  with  a  platinum  tip,  and  light  il 
ffim  the  air  is  all  expelled;  the  merest  inn  of  phosphorus  is  rccognixrd  by  the; 
green  color. 

Inasmuch  as  organic)  matter  can  prevent  the  appearance  of  the  green  flame,  the 
phosphorous  is  first  separated  from  it  as  follows:  Place  the  solution  containing 
the  phosphorus,  or  the  distillate  obtained  by  the  Mitscherlich  test,  in  a  gas-evolution 
flask,  add  zinc  (free  from  phosphorus)  and  dilute  sulfuric  arid  (1  :  7),  and  pint*  the 
evolved  gas  into  a  neutral  solution  of  silver  nitrate;    if  phosphorus  is  present  a 


*  ?,.  anal.  Chan.,  48, 15  (1909). 

t  L.  DcsAirr.  Compl.  read.,  43,  112tt  (18*6),  and  Bloko^ot.  J.  phnrm.  chim.  [2] 
40,25(1864). 
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black  precipitate  of  silver  phosphide  is  obtained,  which,  if  hydrogen  sulfide  wan 
present,  may  contain  Bilver  sulfide.  Kilter  off  thin  precipitate,  wash  it  well  with 
water,  and  place  it  in  the  Hlundlot  uppanstw  (Fig.  25).  In  the  600  cc,  Woulfe 
bottle,  W,  generate  hydrogen  by  means  of  zinc,  free  from  phosphorus,  and  dilute 
sulfuric  acid  (.1  :  7).  The  tube  U  contains  pieces  of  pumice  wet  with  concentrated 
potassium  hydroxide  solution.  After  the  air  is  entirely  expelled  from  (he  apparatus, 
dOM  ill"  pinrh-onck  a,  whirh  BHIBe-.  I  ho  ucid  tfl  liH  into  tht  1MB  Hill  V  m  Lottie 
with  tin-  ln>ttorn  cut  off).  Now  open  die  cock  a  wide  enough  to  permit  a  steady 
Strata  Of  liyilmgen  to  pass  out  from  the  delivery  tube,  whirl)  in  made  of  potnsh- 
Khi»  and  is  provided  with  o  platinum  tip.*  The  flame  from  the  lighted  gas  should 
not  be  too  Inner . 

If  the.  flame  shows  no  green  luminescence  in  the  dark  when  a  porcelain  dish  is 
held  in  it,  Mien  tin-  hydrogen  gas  is  free  from  phosphorus  and  can  lie  used  for  1 1 1 ■ 
teat.  Rinse  the  black  silver  pradpttttfl  through  V  into  the  bottle  W.  If  the  pre- 
cipitMii-  cntitained  phosphorus,  the  con?  of  the  flame  liecemw  green,  particulnrly 
noticeable  upon  holding  a  porcelain  dish  in  it.  Any  hydrogen  sulfide  evolved 
collects  in  the  l'-tul»e,  V,  which  contains  pumice  wet  with  concentrated  caustic 
|H,tunh  dilution. 

Since  both  tin-  Mitaaherlich  and  the  Blondlot-Dusart  tests  give  indications  not 
only  of  white  phosphorus,  but  also  of  phosphorus  suhsulfidc,  it  was  desirable  to 
have  it  test  to  serve  for  the  identification  of  white  phosphorus  with  certainty  even 
when  the  sulfide  is  also  present.  For  this  purpose,  K.  Schenk  and  K.  Scharff  t 
moke  use  of  the  property  that  white  phosphorus  has  of  ioniaing  the  atmosphere,  a 
property  which  the  sulfide  does  not  possess.  They  use  the  Elster-Geitc!  apparatus 
for  this  purpose.     For  details  of  the  test  the  original  paper  must  be  consulted. 


*  A  small  blowpipe  tip  can  be  used  here  or,  still  better,  a  cylinder  made  by  rolling 
together  some  platinum  foil. 

t  R-  Samnt  and  E.  SoiAnrr,  Ber.,  1M6,  1522.  For  the  detection  of  white 
phosphorus  in  the  presence  of  hypophosphorous  and  arsenious  acids  see  A.  Lkclive, 
Chtm.  Zenlr.,  1913,  I,  884. 


TraosuLFURic  Acid,  H1S1O3 

This  very  unstable  acid,  in  which  one  atom  of  sulfur  has  a  positive 
valence  of  six  and  the  other  a  negative  valence  of  two,  is  soon  decom- 
posed, even  in  dilute  uqueous  solution,  into  uulfurous  acid  and  sulfur: 
H,S,0,  =  HsSO,  -f  S. 

Free  thiosulfuric  acid,  sometimes  called  hyposulfurous  acid,  does 
ii<it  exist. 

If  the  aqueous  solution  of  a  thiosulfate  is  treated  with  dilute  hydro- 
chloric or  sulfuric  acid,  the  solution  remains  clear  for  a  short  time; 
but  it  soon  becomes  turbid,  owing  to  the  deposition  of  sulfur,  which 
in  this  case  (unlike  most  precipitated  sulfur)  appears  yellow. 

The  salts  of  thiosulfuric  acid,  the  thiosulfates,  are  much  more  stable 
than  the  free  acid. 

Formation  oj  Thloaulfatea 

1.  By  boiling  sulfur  with  tin  alkali  or  alkaline-earth  hydroxide: 

4  8+-  80H-—  28—  +  8,0,— +  311,0 

This  reaction  in  analogou*  to  the  action  of  the  halogens  and  of  phosphorus  upon 
hydroxides,  forming  chloride  and  hypochlorite,  phosphide  (phwphiiic)  and  hypo- 
phonphite.  Mo,  (<f.  pp.  312  and  3C6). 

2.  By  boiling  sulfites  with  sulfur: 

SO,~+S  — 8.O.— . 

3.  By  treating  alkali  polysullide*  with  alkali  sulfite  in  the  cold: 

Na»St  +  4  Na«SO,  =  4  XatSrO.  +  N«*. 

4.  By  the  oxidation  of  polygulfides: 

•i  XarS,  +  30,  -  2  Na^O,. 

This  laat  reaction  take*  place  on  (Killing  the  solution  of  polyxulfidc  in  the  air, 
or  very  slowly  on  standing.  Yellow  ammonium  pulyeullidc  is  changed,  on  standing 
in  the  air,  into  umiiioniiiin  thiosulfntc  with  deputation  of  sulfur 

The  sulfites  can  l»c  kept  well  in  aqueous  solutions,  provided  they  are  not  subjected 
to  the  action  of  carbon  dioxide.  They  ore  gradually  decomposed  by  the  latter, 
with  separation  of  sulfur. 

The  moat  important  commercial  thiosulfate  is  the  sodium  wit  Nm*8t<V6  11,0, 
the  well-known  "hypo"  of  photographer*. 

Solubility.  —  The  thiosulfates  of  the  alkalies  are  readily  soluble 
in  water,  the  remaining  ones  are  difficultly  soluble;  many  of  them 
dissolve  in  an  excess  of  sodium  thiosulfate,  forming  complex  ions.     The 
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thiosulfatcs  of  the  metals  of  tli<-  silver  uml  copier  groups  are  decom- 
posed, as  a  role,  into  insoluble  sulfide  by  contact  with  boiling  water 
mi  that  sodium  thiosulfate  can  replace  hydrogen  sulfide  as  a  precipi- 
tant in  many  cases.  In  this  respect,  however,  il  is  not  so  efficient  as 
ammonium  thioncetatc. 


Reactions  in  the  Wet   Way 

['<c  a  solution  of  sodium  thioMilfate  for  these  ri-nctioilH. 

1.  Sulfuric  Acid.  —  Both  <iilute  and  concentrated  sulfuric  acid 
decompose  thiosulfatcs,  with  deposition  of  sulfur. 

2.  Silver  Nitrate  produces  s  white  precipitate,  which  rapidly  be- 
comes yellow,  brown,  and  finally  black,  owing  to  the  formation  of 
silver  sulfide: 

S^),— +  2Ag+-AfeStO,; 
Ag,S,0,  4-  H,0  =  H.SO,  -|-  Ag,S. 

Silv.  r  thiosulfate  in  soluble  in  an  excess  of  the  reagent.  Difficultly 
soluble  Na[AgSjOi]  is  at  first  formed, 

Ag&O,  +  S-Or  "  —  2  [AgSjO,]", 

which  combines  with  more  thiosulfate.  forming  a  soluble  complex 
salt: 

2  [AgS.0,]-  +  8,0,—  -  [Ag1(S10,)I]-. 

But  by  boiling  the  dilute  solution,  .-diver  sulfide  is  precipitated: 

lAg,(8,0^,]"  -  BfiT  -  +  80,—  +  S0.T+S  +  Ag»S. 

Many  other  metals  behave  like  silver,  especially  those  of  the  hydro- 
gen sulfide  group.  Thus  copper,  mcreurous,  ami  tin  salts  are  precipi- 
tated as  sulfide;-  by  boiling  the  :n  id  solutions  with  sodium  thiosulfate.* 

3.  Barium  Chloride  in  excess  produces  a  white,  crystalline  pre- 
cipitate of  barium  thiosulfate,  1  difficultly  soluble  In  sold  water  (fiOO 

cc.  of  water  at  18°  dissolve  about.  1  gm.  of  BaSjOj),  but  fairly  soluble 
in  hot  water. 

■\.  Strontium  Chloride  produces  .1  while,  crystalline  precipitate, 
but  only  in  very  concentrated  solutions  (3.7  cc.  of  water  at  18°  dis- 
solve 1  gm.  of  SrS,(Js). 

5.  Lead  Acetate  praoJpftatcs  white  hud  thiosulfate,  soluble  in  an 
excess  of  the  alkali  thiosulfate.  On  boiling  the  solution  a  voluminous 
pr  ing  of  lead  sulfate  and  lead  sulfide,  is  formed. 


•  Z.  anory.  CA*tw.,  38,  223  (1902). 

f  Ruhbingthe  inside  walls <>f  thet«'".t-tiilK>hAstei  >.:-  pre  ipitsle. 
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6.  Iodine  Solution  is  decolorized  by  a  thiosulfatc  solution: 

2  SjOT  "  +  I.  -  2  I"  +  S»OT  " 

The  iodine  is  reduced  to  iodine  anions  and  the  thiosulfatc  ion  is  oxidized 
to  tetrathionatc  ion. 

Chlorine  and  bromine  in  excess   (of.   p.  325)  act  quite  differently 
upon  thiosulfates.     If  chlorine  (or  bromine)  is  conducted  into  a  solu- 
tion of  sodium  thiosulfate,  a  considerable  precipitation  of  sulfur  takes 
place,  which,  upon  further  action  of  the  halogen,  disappears: 
SiOT-  +  H,0  +  Cl,-*2Cr  +  2  H+  +  SO"  4  S; 
S4-4H,0  +  3CI,  =8H+  +  6Cr  +  SO«-". 

7.  Permanganate  is  at  once  decolorized  by  an  acid  solution  of  thio- 
sulfate. The  complete  oxidation  of  the  thiosulfate  corresponds  to 
the  formation  of  sulfate: 

8MnOr  +  oSiO"  +  14  H+-*  8  Mn^  +  10  SO,"  +  7H«0. 

8.  Potassium  Chxomate  in  acid  solution  is  at  once  reduced  to 
chromic  salt: 

8CrO*—  4-  3  S,0,--  4-  34  H+  -♦  8  Ci44*  4-  0  SO,"  4-  17  HiO. 

In  neutral  solution  a  brown  precipitate  of  chromic  hydroxide  and  sul- 
fur is  obtained: 
2  CrO«"  "  +  3  SiOT "  4-  5  H,0  —  3  SOr  "  +  4  0H-+  3  S  +  2  Cr(OH),. 

9.  Ferric  Chloride  produces,  in  solutions  of  sodium  thiosulfate, 
at  first  a  dark-violet  coloration  (p.tluips  feme  thiosulfate),  which 
disappears  after  some  time,  leaving  a  colorleas  solution  containing 
ferrous  chloride  and  sodium  tetrathionate: 

2  SjO,"  -  4-  2  Fe*+*  -» 2  Fc"^  4-  S.O,-  _. 
Similarly, 

10.  Cupric  Salts  are  reduced  to  colorless  cuprous  compounds,  with 
the  formation  of  sodium  tetrathionatc 

2  SjOT  ~  4-  2  Cu++  —  CUi-w  4-  B4V  ~ 

The  unstable  cuprous  sulfate  immediately  acts  upon  more  thio- 
sulfate, forming  sodium  cuprous  thiosulfate: 

Cu,*+  +  2 8,0,"  "  -» ICu,(S,0,),]-  -. 

If  the  colorless  solution  of  the  cuprotu  salt  i*  treated  with  caustic  potash  solution, 
yellow  cuprous  bydllffidc  hi  In  some  canes  formed  immediately,  in  other  cases  only 
on  standing  or  on  warming.    Tin-  precipitin-  I  M-<-omra  darker  eolorcd  on  t wing  boiled. 

If  thr  «olution  in  acidified  -ind  hoih-d,  black  cuprous  sulfide  is  precipitated. 

The  coIotIow  solution  nf  the  cuprous  »nlt  also  give,  with  potassium  fcrrocynnidr 
u  white  (usually  a  light  pink)  precipitate  of  cuprous  ferroeyanide. 
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11.  Zinc,  in  acid  solution,  causes  the  evolution  of  hydrogen  sulfide 
and  formation  of  some  bydraulfuroua  add]  BjSiOii  in  solution: 

3  Zn  +  2  HAOi  +•  6H+-*8  Zn++  +  HAO,  +  2  H,0  +  2  H2S  | 

12.  Zinc  Salts  produce  no  precipitate  (difference  from  sulfides). 

13.  Zinc  Sulfate  and  Sodium  Nitroprusside  produce  no  red  colora- 
tion (differotnv  from  sultiti 

14.  Potassium  Cyanide.  —  Boiling  a  solution  of  a  thiosulfate  witll 
potassium  i  yanide  :uui  caustic  soda  transforms  the  thiosulfate  into  sul- 
fite and  the  cyanide  into  thiocyanate: 

SiOr~  +  CN~-»  SO,""  +  CNS". 

On  acidifying  the  solution  with  hydrochloric  acid  and  adding  ferric 
chloride,  the  blood-red  color  of  ferric  thiocyanate  is  obtained  (differ- 
ence from  sulfites). 

15.  Sodium  Nitroprusside  which  has  been  exposed  in  aqueous  solu- 
tion to  air  and  sunlight  until  the  solution  is  brown,  or  which  has  been 
treated  with  one  or  two  drops  of  potassium  ferricyanide  solution  and 
a  like  quantity  of  sodium  hydroxide,  gives  a  deep  blue  coloration  and 
on  (standing,  heating,  or  adding  u  little  potassium  ferricyanide  tin- 
color  is  intensified  (difference  from  Sulfites  and  Tetrathionates). 

10.  Ammonium  Molybdate,  in  10  per  cent  solution,  mixed  with  an 
equal  volume  of  thiosulfate  solution  and  poured  upon  some  concen- 
trated sulfuric  neid  in  n  test-tube,  gives  a  blue  ring  at  the  contact  zone. 


Detection  of  Sulfuroua  and  Tlilosulfuric  Acids  in  the  Presence 
of  Hydrogen  Sulfide 

A  Method  of  E.  Votocek.' —  Principle..  —  Alkali  sulfites,  PJUlfidcs  mil  polysul- 
fidc*  in  slightly  alkaline  solution  will  di-mlnnM  fu.li.-ir,,  malaohltt  jsn-i-ri  »r  n  mixture 
nf  thON  two  dycstufTs.  If  n  solution  of  n<Tt  nMrhydr  or  of  fiinnulm  is  added  to  the 
liri.'nlurixpil  -iilutinn,  i  In-  eoloi  ratan  Sulfhydrnte*,  thioniHUM  and  ilii"ii;ii.  -  .I.. 
toot  decolorise  a  solution  of  the  above  dyestuffs. 

Reaeent.  —  Dissolve  0.025  gm.  of  fuchtin  and  0.025  Km  of  malachite  green  *>j>- 
arately  in  100  cc.  portions  of  water.  Mix  (fans,  volume*  of  tin  hiohsk  solution 
with  one  volume  of  the  malachite  green  solution. 

Procedure.  —  It  is  SUBiituod  tliut  tin-  solution  is  nlifclitlv  m Ik.iltna  Test  the 
solution  tint  for  sulfide  i  mom  sulfide,  aulfhydrate  and  pol.milml'  i  l>y  treat  inn  a 
little  of  tt  with  2  or  %  drops  ..f -odium  nitrnprunide  solution.  A  reddi»h-vn.li  t  oa)of 
nhuvrs  the  pruvenee  I  Hide  union.      If  -uilli.lr  b  present,  Irnii  the  remainder 

of  the  solution  with  eadmiurn  otrlxiiiate,  sliaka  vifOfOOaly,  .unl  iillnw  the  cadmium 
»ulfide  to  Kettle  nomewhnt  I-'il t<-r  and  t>\-t  n  new  portion  -if  the  liltrut.-  with  sodium 
nitropruwide  to  sec  if  all  of  the  sulfide  hns  been  moved.  V  In  n  tin  sulfide  lLas 
been  removed  or  proved  absent,  treat  the  remaindi  r  t  the  filtrate  with  a  drop  of 
pbcnolpiitli.i]i'in   solution   and    introduee   <-Arl>on  dioxide   gn*    until   the   solution  is 


tier.,  40,  Ull 
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decolorised  by  it.  Take  2  or  3  ec.  of  this  colorless  solution  arid  test  it  with  2  or  3 
drops  of  the  fuchsin-uinlaehitc-grccn  rcuncnt.  If  the  solution  of  the  dyestuffs  im  de- 
rolnriied,  it  sulfite  in  prevent.  To  the  remainder  of  the  solution  add  a  little  dilute 
hydrochloric  acid,  boil  a  few  minutes,  and  notice  whether  there  is  any  deposition 
of  sulfur.     If  the  solution  remains  clear,  no  thiosulfate  is  presrni 

I  Inn  U  the  bent  method  for  detecting  a  sulfide,  a  sulfite  and  a  thiosulfate  in  the 
pMmetir*.'  of  one  another. 

(b)  Method  of  Auteorieth  and  Windaut.'  — The  three  acids  are  aaauined  to  be 
present  together  in  solution  in  the  form  of  their  alkali  suits.  Treat  the  fairly  cori- 
MBtntod  dilution  with  cadmium  carbonate,  shake  and  filter  off  the  excess  MUhahim 
carbonate  and  any  cadmium  sulfide  which  will  bt  formed  if  a  sulfide  is  present. 
Treat  the  filtrate  with  strontium  nitrate  solution  and  alluw  ii  to  stand  overnight. 
Filter  off  any  strontium  sulfite  that  may  be  formed  mid  wash  it  with  a  little  cnld 
water.  If  the  strontium  sulfite  is  treated  on  the  filter  with  dilute  hydrochloric 
acid,  sulfurous  acid  Roea  into  solution,  which  can  be  detected  by  its  property  of 
decolorizing  an  iodine  solution.  In  the  filtrate  from  the  strontium  sulfite,  the 
thuwulfute  remains,  it  eun  lie  detected  by  acidifying  with  hydrochloric  acid  and 
warming,  whim  sulfur  will  be  deposited. 

Solubility  of  Sulfites  and   Thiosulfates  of  the  Alkaline  Earths  in 

Water 

Sulfite  Thioeulfat* 

Calcium 1  :  800  1:2 

Strontium 1  :  30,000  1  :  3.7 

Barium 1  :  40,000  1  :  480 

l\*riitioiis   in    th«  Dry   Way 

The  thiosulfitcs  of  the  alkalies,  on  tiring  heated  out  of  contact 
with  the  air,  arc  changed  into  sulfate  and  polysulfid'.',  and  tin-  lutt.-r 
into  sulfide  and  sulfur: 

4  NaAO.  -i  3  Na^SO,  +  Na^4l 
Na,S&-.Na,S  +  4S. 

If  this  reaction  is  performed  in  a  closed  tube,  a  sublimate  of  sulfur 
is  obtained  (difference  from  sulfites) ;  and  the  residue  yields  hydrogen 
sulfide  if  trcuted  with  acid. 


•  X.  amit.  chi-m.,  1898,  -'W.     For  another  method  of  detecting  sulfite  in  the 
presence  of  thiosulfate,  of.  F.  E.  Wboton,  Chem.  Zenlr..  1910,  I,  379. 


GROUP  V 


Silver  Nitrate  produces  no  precipitate  in  acid  or  neutral  solutions. 
Barium  Chloride,  also,  causes  no  precipitation. 

Nitric  acid,  hno„ 

Occurrence.  —  Nitric  acid  is  found  in  the  form  of  nitrates  in  small 
amounts  almost  everywhere  in  nature;  thus  the  ammonium  salt  is 
found  in  the  atmosphere  and  in  soils;  the  calcium  salt  is  found  in  old 
masonry;  while  the  sodium  salt  is  found  in  rainless  localities,  particu- 
larly in  Chili  [Chili  saltpetre). 

Nitric  acid  is  the  final  product  of  the  oxidation  of  ammonia;  it  is 
Found  wherever  nitrogenous  organic  substances  have  been  subjected 
to  decay,  forming  ammonia.  With  the  help  of  microorganisms 
{MotltM  nitrificans,  according  to  Winogradsky)  the  ammonia  is  changed 
first  to  nitrous  acid, 

2  NH,  4-  30,  =  2  H,0  +  2  HNO,, 
and  by  further  oxidation  to  nitric  acid: 

2HX03T-0,  =  2  HNO,. 

Properties.  —  Pure  nitric  acid  is  a  colorless  liquid,  with  a  specific 
gravity  of  1.54  at  20°.  At  86°  it  begins  to  boil,  with  decomposition, 
giving  off  its  anhydride,  which  suffers  further  decomposition  into 
nitrogen  peroxide,  N<  )s  (brown  fumes),  and  oxygen.  By  the  constant 
loss  of  NjOt,  the  nitric  acid  becomes  more  and  more  dilute  and  the 
boiling-point  constantly  rises,  until  at  120.5°  C.  it  remains  constant; 
when  nitric  acid  (if  specific  gravity  1.414  distills  over,  forming  a  68 
per  cent  acid.  If  a  more  dilute  acid  is  subjected  to  distillation,  water 
is  at  first  given  off,  the  boiling-point  constantly  rising  until  120.5°  C. 
is  reached,  when  a  H8  per  cent  acid  again  distills  unchanged. 

Red,  fuming  nitric  acid  is  obtained  by  conducting  NOi  into  the 
colorless,  concentrated  acid.  In  its  most  concentrated  condition  it 
possesses  a  specific  gravity  of  1.55. 

If  the  fuming  acid  is  treated  with  water,  it  is  colored  green,  and 
vapors  of  nitric  oxide  arc  given  off,  which  are  colored  brown  on  com- 
ing in  contact  with  the  air.     The  dissolved  NO»  (or,  better,  N«0«), 
being  a  mixed  anhydride,  is  changed  into  nitric  and  nitrous  acids. 
N,04  +  HiO  -*  HNO,  +  HNOi, 
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and  the  nitrous  acid,  owing  to  the  heat  of  reaction,  is  partly  changed 
into  nitric  acid,  with  evolution  of  nitric  oxide, 

3  HNO*  =  H,0  4-  HNO,  4-  2  NO  }  , 
and 

2  NO  4-  O,  =  2  NO,  T  (brown  vapors) . 

Nitric  acid  is  a  strong  oxidizing  agent  (cf.  p.  31).  It  is  mono- 
basic, and,  like  the  halogen  acids,  is  one  of  the  strongest  acids  (cf.  p.  10). 
It  forms  stable  salts,  whirh  arc  all  soluble  in  water;  hut  a  few  of  them 
are  changed  by  water  into  basic  salts  (cf.  bismuth  and  mercuric  salts), 
insoluble  in  water,  but  soluble  in  dilute  nitric  acid. 

Reactions  in   the   Wet   Way 

As  nitric  acid  does  nut  form  characteristic  insoluble  unite,  it  cannot  b«  detected 
by  means  of  precipitation;  ita  identification  dejieiids  upon  its  oxidizing  MtiOBi 
Great  care  must  lie  exercised  tiefore  deriding  whether  thin  ueid  in  present,  for  othrr 
oxidizing  substances  give  similar  (in  some  raws  the  same)  reactions. 

1.  Dilute  Sulfuric  Acid  gives  no  reaction  (difference  from  nitrous 
acid). 

2.  Concentrated  Sulfuric  Acid  when  heated  with  any  nitrate  causes 
evolution  of  yellowish-brown  vapors  of  NO,,  with  a  characteristic 
penetrating  odor. 

3.  Silver  Nitrate  and  Barium  Chloride  cause  no  precipitation. 

4.  Ferrous  Salts  are  oxidized  by  nitric  acid,  which  is  itself  reduced 
to  nitric  oxide,  NO. 

1/  the  reaction  takes  place  in  the  cold,  the  latter  combines  with  the  excess  of 
ferrous  salt,  forming  a  dark -brown,  very  unstable  compound,  e.g.  FeSOvXNO. 
This  compound  is  decomposed,  on  warming,  into  ferrous  salt  and  nitric  oxide  (which 
escapee)  the  bruwn  color  disappearing.  If  the  amount  of  in  tin-  Mid  pre.ieni  i.« 
more  than  sufficient  to  oxidiie  completely  the  ferrous  salt  to  ferric  salt,  a  more  red- 
dish coloration  is  obtained  owing  to  the  formation  of  a  salt  such  as  Fei(SO<)|-4  NO. 

The  oxidation  Of  the  ferrim*  xalt  Lukes  place  according  I"  the  following  reaction, 
3Fe++  +NO,-  +  4  11+  -  .1  Fe  -H-+-  +  2  H,0  +  NO  ,  . 

The  test  is  best  carried  out  in  the  following  manner: 

Place  some  of  the  substance  to  be  tested  for  nitrate  in  a  test-tulw  with  5  ee. 
of  water,  add  an  equal  volume  of  concent  mted  sulfuric  acid  and  cool  nearly  to  room 
temperature  by  shaking  the  solution  under  runniuK  water.  Can-fully  add  about 
5  ec.  of  saturated  frrrous  sulfate  ■oJuttu  -Inwn  the  aides  of  the  test-tube  so  that  it 
forms  a  layer  on  top  of  the  concentrated  <ulfurie  acid  solution.  When  a  nitrate  is 
present  a  brown  ring  is  formed  at  the  xone  of  contact  between  the  ferrous  sulfate 
solution  and  the  heavier  sulfuric  acid  solution,  or  if  considerable  nitric  acid  «*  present 
the  whole  of  the  ferrous  sulfate  solution  may  be  colored.  If  only  a  little  nitric  acid  is 
present,  the  tone  may  be  colored  pink  owing  to  the  form nt  ion  of  Fo,(SO«)f4  NO. 
The  lest  is  not  reliable  in  the  presence  of  an  iodide  or  a  chromate. 
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N'itrous  acid  gives  the  same  reaction,  with  the  difference  that  it 
takes  place  even  without  the  addition  of  concentrated  sulfuric  a.  i  I. 

5.  Indigo  Solution  b«  deeuloriicd  by  wanning  with  nitric  acid  (as 
well  as  by  other  oxidizing  agents). 

6.  Potassium  Iodide  is  not  decomposed  by  pure,  dilute  nitric  acid 
(difference  from  nitrous  acid). 

If  to  tbe  solution  or  a  nitrate,  nome  potassium  iodide,  a  few  drops  of  an  acid  (lnwt 
acetic  acidi.  sad  B  little;  tine  are  added,  the  nitric  arid  i»  reduced  in  iiitnMI  acid, 
which  then  reacts  with  hydriodio  acid  and  the  aolution  becomes  yellow  on  aCoOBDi 
<>f  tin-  lil«riitii»ii  nf  i.»lme.  By  shaking  the  solution  with  carbon  disoUdl  ,  tfat  Utter 
will  Im;  colored  reddish  violet,  or  the  ioiiim-  mag  I*  detected  by  adding  s  little,  starch 
paste. 

The  reactions  which  take  place  mny  lie  reprewnted  by  the  following  equations: 

Zn  +  NO.-+  2  H+-    •  Zn++  +  NO,"  -f  IM>; 

2  NO,-  +  2  I"  +  4  11+  —  2  NO  T  +  2  H,0  +  I.. 

If  it  is  desired  to  detect  the  free  iodine  by  forming  a  solution  in  carbon  disulfide, 
the  latter  under  no  circumstance*  should  l«  ■■■iddnl  I  .if.  in-  tin-  /.im-  Im*  Ik-vij  allowed 
to  act  upon  the  acid  solution  of  the  nitrate  and  potassium  iodide.  In  such  a  case, 
there  will  often  be  no  .tepnrut ion  of  iodine,  because  sine  reduces  the  carbon  disulfide 
to  iliindirriiiildchydc  and  hjrdxofSD  Milfide,  and  the  latter  reacts  with  any  iodine 
which  may  Iw  formed,  changing  it  back  to  hydriodic  acid: 

C8i  +  4 11+  +  2  Zn  -  2  Zn++  GH0  +  H»8; 
HzS-fl, -2HI  +  S. 

7.  Diphenylamine  Reaction  (the  Lunge  test  *).  —  Reagent.  —  Dis- 
solve 0.5  gm.  of  diphenylamine  in  KM)  cc.  of  pure,  concentrated  sulfuric 
acid  diluted  with  20  cc.  of  water. 

Procedure.  —  I'luce  a  few  cubic  centimeter*  of  the  diphenylamine  solution  in  a 
ttfMu'x'  and  r:in-(ully  OOttt  ii  •■villi  tli'  -iiliilinn  S3  bl  tfltttd  fur  nitric  ami  !f  the 
latter  in  present,  there  is  formed  at  the  zone  of  contact  bstWWU  the  two  liquids  a 
ring  of  a  beautiful  blue  color. 

This  very  sensitive  reaction  is,  unfortunately,  also  caused  by  nitrous,  chloric, 
and  selonie  acids,  ferric  chloride,  uml  many  other  oxidizing  agents.  Even  fuming 
sulfuric  acid  will  give  it  sometimes. 

In  the  absence  of  ferric  and  itelcaie  suit*,  it  in  uneful  for  detecting  the  presence 
nf  small  amounts  of  nitrogen  soldi  in  sulfuric  Si  id.  In  this  case  first  pout  the  con- 
centrated sulfuric  acid  to  be  tested  into  the  tent-tube  and  cover  it  with  the  specifi- 
cally lighter  diphenylamine  solution.  If  1  cc  "f  SB  Sekl  ig  only  fa 
gram  nf  nitrogen  m  I  liter  is  used,  the  reaction  will  (•wise  a  noticeable  eobmtlolU 
If  very  strong  fuming  sulfuric  acid  in  to  be  tested,  dilute  it  firxt  with  concentrated 
sulfuric  acid  until  it  docs  not  contain  more  than  20  per  cent  excess  SOj. 

8.  Brucine  Reaction.  —  Reagent.  —  Dissolve  0.2  gm.  of  brueine  in 
!<><>  cc.  of  pure  concentrated  sulfuric  acid., 


•  Le.NUK,  Z.  tmgev.  Chrmir,  18M,  345. 
f  l.t  •  I-,  IBM, 
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Procedure.  —  Mix  the  solution  to  br  toted  for  nitric  nod  with  three  timoe  its 
rdfaUBB  of  pure,  concentrated  sulfuric  acid,  and  add  I  cc.  of  bnicuie  solution.  If 
nitric  acid  in  present,  a  red  coloration  quickly  appi u.-,  '■■.  Inrli  quickly  changes  to 
orange,  then  slowly  to  lemon  or  gold  yellow,  and  finally  becomes  greenish  yellow. 
Nitrous  acid  docs  not  give  this  reaction  provided  it  is  present  as  "nitroae,"  i.e., 
dissolved  in  concentrated  milium   told      &0JtMOUl  solutions  of  nitrites  alway- 

a  small  amount  of  nitric  acid  when  acid '1  with  sulfuric  acid,  and  consequently 

give  the  hrucim-  reaction. 

9.  Zinc  in  Alkaline  Solution  reduces  nitric  acid  to  ammonia. 

If  a  nitrate  solution  is  boiled  with  zinc  dust  and  an  alkali,  a  con- 
siderable evolution  of  ammonia,  takes  place: 

NO,"  +  4Zn  +  7 OH"  —4  ZnO,"  +  2H«0  +  NH,  T  . 

Aluminium  and  Devarda's  alloy  react  much  more  quickly  with  a 
drop  of  caustic  soda.  This  reaction  is  particularly  suited  for  the 
detection  of  nitric  acid  in  the  presence  of  chloric  acid  ( cf.  p.  425). 

10.  Manganous  Chloride.  —  A  saturated  solution  of  mnnganous 
chloride  in  concentrated  hydrochloric  acid  gives  a  dark  brownish  black 
coloration  with  a  nitrate  owing  to  the  formation  of  MnClj  in  the 
solution.     The  reaction  is  caused  by  other  oxidizing  agents. 

11.  Salicylic  Acid  (2  g.  in  30  ee.  of  concentrated  sulfuric  acid)  gives 
a  yellow  coloration  when  heated  with  a  solid  nitrate,  nit-ro-salicylic  acid 
living  formed. 

12.  Nitron  Reaction.  -  Nitron  (3-u-diphenyl-I.4-endanilo-3,4.di- 
hydro-2,3-triazole)  as  10  per  cent  solution  in  acetic  acid  gives  ■ 
white  precipitate  of  nitron  nitrate.  The  reaction  is  not  ofosVMtalristic 
of  nitrate  ions,  as  the  bromide,  iodide,  nitrite,  chromate,  chlorate- 
perchlorate,  thiosulfide,  ferrocyanide,  ferricyanide  and  picrate  of 
nitron  ore  insoluble  compounds. 

Detection  of  \itrir  Arid  in  thr  Prrmence  of  Nitrout  Acid 

With  the  exception  of  the  Lunge-Lwoff*  method,  there  is  no  alwoIuteK  rnliabti 
i|iinlit«tive  teat  for  the  detection  of  traces  of  nitric  acid  in  the  presence  of  large 

,i mount.*  ul    nit  rims   add   in   Midi I    Bltttioii       A  number  of   iiic|IiihI>   havi    \«     •< 

proposed  which  depend  upon  the  destruction  of  the  nitrous  acid  by  diaxotiaing.  but 
they  ail  yield  only  appxttdotftta  ranlttj  lupaai,  in  order  to  destroy  the  nitrous 
acid,  it  is  neeemary  first  to  Ml  tb  Hid  MmII  tree  bj  the  addition  of  another  acid, 
which  always  causes  a  part  of  the  tritrau  add  to  lie  changed  to  nitric  acid;  so  that 
tin- latter  will  be  detected  even  when  no  nitric  acid  was  originally  pram 

Largo  amounts  of  nitric  arid  in  the  presence  of  nitrons  acid  may  bfl  detected  l.v 
the  method  proposed  by  Pieeini.t  in  which  a  concentrated  solution  containing 
wilts  of  both  acids  is  treated  with  a  concentrated  solution  of  urea,  and  then  covered 

•  This  is  the  colorimetric  method  described  on  page  352  and  credited  to  Peter 
Griess.     Lunge-Lwoff  modified  the  procedure 
t  Z.anal.  Chem.,  19,354. 
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"•an»  of  a  pipetUt)  witii  dilute  sulfuric  acid.     A  lively  evolution  of  nitrogen  and 
carbon  dioxide  ensues,  which  ceases  in  a  few  minutes: 


CO(NHs),  +2HNO. 
Dim 


CO,  1  +  3  H,0  +  2  Nt  f  • 


When  the  evolution  of  gas  has  ceased,  test  the  solution  for  nitric  acid  by  means  of 
the  dipheuylamine  reaction. 

This  react ,  bowew,  dOM  BOt  take  place  quickly  enough  to  prevent  traces  of 

nitric  acid  being  formed  according  to  the  following  equation: 
3  UNO,  -  H.O  -+-  UNO,  +  2  NO  ] . 

The  odor  of  nitrous  fumes  i«  always  perceptible  h  the  escapiug  nitrogen,"  which 

ou  ibo  aaoiQ]  I-  .l.-t.-.-t.-. i  by  nwiru  ed  lodo-cUnli  paper.    Thi  nitric  arid  nfatefa 

remains  in  the  solution  can  be  ilrtcrtcd  I  iy  TllUnf  of  the  ciiphenylamine  reaction. 

The  nitrous  acid  may  also  l»-  dr'troyi!  l«y  Imiling  an  alkaline  nitrite  solution 
with  neutral  ammonium  chloride;  but  traces  of  nitric  acid  arc  always  in  evidence  at 
the  same  timc.f 

If  the  diphenylamine  reaction  gives  a  very  intenso  coloration  after  the  destruction 

"I  ' In-  mtruUH  acid  liy  menu*  nl   unvi,   tin-  pref-rirc  <>l   rut rii-  m-nl  in  lli<-  iingiiiiil  •' - ■  ■  r - 1 - 

pound  in  annured;  hut  if  the  reaction  shows  that  only  a  trace  of  nitric  acid  in  present 
it  in  probably  due  simply  to  nmnll  umaunts  of  nitric  acid  formed  by  the  destruction 
of  the  nitrous  acid. 

Reactions  in   the  Dry  Way 

By  the  ignition  of  nitrates  of  the  alkalies,  they  are  changed  into 
nitrites  with  loss  of  oxygen,  and  the  latter  arc  decomposed  on  stronger 
ignition  into  oxide: 

2  KNO,  =  2  KNO,  4-  0,  | , 
4  KNO,  =  2  K,0  +  4  NO  T  4-  0,  T  • 

All  nitrates  deflagrate  on  being  heated  on  charcoal;  i.e.,  the  char- 
coal burns  at  the  expense  of  the  oxygen  of  the  nitric  acid,  with  vivid 
scintillation. 


•  Kvi'n  at  0*  and  in  an  atmosphere  of  carbon  dioxide. 

t  By  evaporating  with  ammonium  carbonate  solution  the  decomposition  scarcely 
takes  place  at  all. 


CHLORIC  ACID,  HClOi 

Free  chloric  acid  is  extremely  unstable,  and  is  decomposed  at  40®, 
into  perchloric  acid  with  loss  of  chlorine  and  oxygen  (cf.  p.  179) : 

3  HC10,  ^H,0  +  2  CIO,  T  +  HC10«, 
and 

2 CIO, -CUT  4-20.T. 

The  aqueous  solution  of  chloric  acid  behaves  as  a  strong  acid;  in  0.5 
normal  solution  it  is  88  per  cent  ionized.  The  salts  of  the  monobasic 
chloric  acid,  the  chlorates,  are  quite  stable  and  are  all  soluble  in  w.iici . 
They  are  formed  by  conducting  chlorine  into  hot  alkali  hydroxide 
solutions,  which  are  not  too  concentrated.* 

6  OH"  +  3  CI,  —  5  CI"  +  CIO,"  +  3  H,0. 

Reaction*  in  th«  Wet  Way 

1.  Dilute  Sulfuric  Acid  sets  free  chloric  acid  from  chlorates,  which, 
as  above  stated,  is  gradually  decomposed,  with  loss  of  chlorine  and 
oxygen,  into  perchloric  acid.  The?  solution,  therefore,  acts  as  an 
oxidizing  agent,  particularly  on  warming;  it  will  turn  iodo  starch 
blue: 

CIO,-  +  6 1"  +  6H+  — CI"  +  3  H,0  +  31,. 

The  speed  of  the  reaction  between  the  chlorate  and  the  iodide  depends 
upon  the  concentration  of  the  hydrogen  ion.  The  neutral  salts  do  not 
act  as  oxidizing  agents  (difference  from  hypochlorites). 

7V*t  for  Hypochlorite  in   Chloral** 

To  teat  for  the  presence  of  hypochlorite  in  an  alkali  chlorate,  dissolve  about 
i  ({in.  of  the  salt  in  200  cc.  of  water,  odd  3  Oft  of  10  per  cent  KI  solution  and  3  cc. 
of  starch  mlution,  hut  no  mdfurir.  arid;  tin-  solution  will  ut  once  turn  blue  if  a  trace 
of  hypochlorite  in  present.     As  little  iu>  0.1  ni(rm.  of  hypochlorite  will  give  the  tost. 

2.  Concentrated  Sulfuric  Acid  decomposes  all  chlorates,  setting 
free  grccuish-ycllow  chlorine  dioxide  gas,  which  colors  the  sulfuric  acid 
yellow  and  explodes  violently  on  warming: 

3  KCIO,  +  3  H,SO«  -  3  KHSO.  +  HCIO«  +  2  CIO,  1  +  H,0. 

A  very  small  crystal  of  chlorate  added  to  1  cc.  of  concentrated  sulfuric 
acid  on  a  watch  glass  will  color  the  acid  and  give  a  chlorine-like  odor. 

•  F.  WrxTELM,  Z.  anoro.  Chrm.,  33,  188  (1902). 
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3.  Silver  Nitrate  and  Barium  Chloride  do  not  cause  precipitation. 

4.  Reducing  Agents  reduce  chlorates  to  chlorides  in  acid,  alkaline, 
and  neutral  solutions. 

The  reduction  in  acid  solution  is  effected  by  moans  of  zinc  and  dilute  sulfuric 
acid,  sulfurous  acid,  or  sodium  nitrite! 

3  Zn  +  CIO,-  +  6  H+  —  3Zn++  +  O"  +  3  H.O; 

i  si  t  -  r  i  aor  —or  +  ieor~, 

3  NO,"  +  CIO,"  -»  3  NO,"  +  CI". 

The  reduction  in  alkuline  or  neutral  •  solution  is  brought  about  by  Ixnling  the 
nolution  with  dm  ■  I u .-. i ,  :<h us iiiiiutii  jxmder,  I'.v  means  of  Oevardn's  alloy  (cf.  p.  35}, 
OC  l>v  »  copper-iinc  couple  f): 

aOi"  +  3  Zn  +  6  OH"  -*  3  ZnO,"  +  CI"  +  3  IIiO. 

The  residual  metal  is  filtered  off,  the  (dilution  iridificd  with  mine  mil,;  and  silver 
nitrate  added,  when  the  characteristic,  curdy  precipitate  of  silver  chloride  is  formed. 

5.  Concentrated  Hydrochloric  Acid  decomposes  all  chlorates;  the 
add  is  colored  yellow  and  chlorine  is  evolved: 

CIO,"  +  5CT-f-8H+-»8 H30  +  3C1,  T  • 

This  equation  is  Dot  quite  correct,  for  some  C10>  is  always  mixed  with  the  CI,. 
The  following  equation  expresses  this: 

3  CIO,"  +7  CI"  +  10H+— 5H,0  +  4  CI,  \  +  2  CIO,  f  . 

The  proportion  of  CIO,  and  CI,  formpl  is  influenced  by  the  concentration  of  the 
reacting  milwtances  ami  the  temperature. 

If  the  hydrochloric  arid  was  colored  blue  with  indigo  it  will  he  dccolori«xl  by 
the  free  chlorine. 

6.  Ferrous  Salts.  —  By  boiling  chlorates  with  ferrous  salts  in  the 
presence  of  dilute  acid.  Ihc  chlorate  is  quickly  reduced  to  chloride 
(difference  from  perchloric  a«ih 

CIO,"  +  6  Fe++  +  6  H+  -  3  H,0  +  CI"  +  6  Fe+++. 

7.  Diphenylamine  react!  the  same?  ilh  with  nitric  acid. 

8.  Indigo  Test.  —  To  the  chlorate  solution  add  enough  indigo,  dis- 
solved in  concentrated  sulfuric  acid,  to  give  a  light  blue  color.  Add  a 
little  dilute  sulfuric  mid  and  introduce  drop  by  drop  a  little  sulfurous 
acid  or  sodium  Bulfite  solution.  The  blue  color  will  disappear  quickly. 
The  sulfurous  acid  reacts  with  the  chlorate  to  form  chlorine  or  hypo- 
chlorite and  the  chlorine  or  hypochlorite  oxidizes  the  indigo.  The 
teat  is  sensitive. 


•  The  reaction  taken  place?  very  Jowly  in  neutral  solution*. 

f  Treat  granulated  »»nc  with  on*  per  cent  copper  sulfate  solution,  wash  and  dry 
the  residue. 

{  On  acidifying  with  nitric  acid  a  heavy  precipitate  of  Zn(OH),  tsobtauiecl  which 
dissolves  in  more  nitric  acid. 
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I  Aniline  Sulfate  Test.  —  Add  a  little  of  the  solid  to  be  tested  to 
about  1  cc.  of  concentrated  sulfuric  acid  and  introduce  one  or  two 
drops  of  an  aqueous  aniline  sulfate  solution;  a  deep  blue  color  is 
obtained  with  a  chlorate  but  not  with  a  nitrate. 

Detection  of  Hydrochloric,  Nitric,  and  Chloric  Acid*  In  the  Presence 

of  On*  Another 

I.  Firm,  test  for  the  presence  of  chloride  anions  by  UtalUlg  a  part  of  the:  notation 
with  xilvcr  nitrate;  a  white  precipitate  at  silver  chloride  shows  the  presence  of 
hydrochloric  acid.  Trent  the  mniiinuVr  of  tin-  mvlution  with  silver  sulfate  solution 
1 1 nt : I  uo  further  precipitation  of  gilvcr  chloride  take*  place,  and  filter  off  the  pre- 
cipitatc. 

Boil  the  filtrate  with  a  little  caustic  potash  (in  order  to  expel  any  ammonia  from 
ammonium  miltn  which  may  I"'  ]>ri  -inll.  ndd  zinc  dust  (or  Devurdu'a  alloy),  and 
again  boil;  if  nitric  acid  is  present,  ammonia  will  begivenoff.  Filter  off  the  residue, 
acidify  the  filtrate  with  nitric  acid  mid  treat  with  eilvi-i  nftwrirli  If  a  precipitate,  of 
silver  chloride  is  now  obtained,  chloric  acid  was  originally  present. 

II.  Or,  te»t  a  small  part  of  the  solution  for  hydrochloric  acid  by  adding  silver 
nitrate  in  excess,  filter  off  the  precipitate,  treat  the  filtrate  with  »ulf uroua  acid,  and 
again  test  with  silver  nitrate:  a  precipitate  of  silver  chloride  shows  the  presence  of 
chloric  acid.  Enough  nitric  acid  must  be  added  to  dissolve  any  silver  sulfite  that 
may  form. 

Teat  a  second  portion  of  the  solution,  aa  above,  for  nitric  acid. 

Reactions  in  the  Dry  Way 

On  ignition,  all  chlorates  are  decomposed,  forming  a  chloride  with 
loss  of  oxygen.     By  heating  on  charcoal,  deflagration  takes  place. 


Perchloric  acid,  HC104 

Free  perchloric  acid  is  obtained  by  the  distillation  of  potassium 
perchlorate  with  concentrated  sulfuric  acid.  In  this  way  the  solid, 
crystalline  hydrate  H(.'IO«  +  H20  is  obtained,  and,  on  heating  to 
110°,  the  anhydrous  liquid  acid  distills  off  first  and  fumes  strongly 
in  the  air,  while  the  oily  hydrate  HC10<  +  2  HjO  remains  bcliind  until 
the  temperature  reaches  203°  C,  when  it  also  •  lint  ills. 

The  concentrated  acid  is  very'  dangerous,  and  often  explodes  when 
in  contact  with  bits  of  charcoal,  wood,  paper  or  dust.  In  aqueous 
solution,  however,  it  can  be  kept  without  danger  and  contains  mostly 
the  ioni2ed  acid. 

II ic  salts  of  this  monobasic  acid,  the  perchlorates,  are  remarkably 
stable;  they  contain  chlorim-  irith  seven  positive  charges  and  are 
isomorphouB  with  the  permanganates.  The  potassium  salt  is  obtained 
from  potassium  chlorate.  On  melting  the  latter  compound,  at  first 
a  lively  stream  of  oxygen  is  given  off  which,  however,  soon  lessens. 
Tin-  melt  quickly  becomes  viscous,  and  consists  of  potassium  chloride 
and  potassium  perchlorate, 

2  KCIO,  -  KC1  +  KC10«  +  O,  T  , 

and  the  latter  may  be  separated  from  the  much  more  soluble,  potassium 
chloride  by  rerrystallization. 
Solubility.  —  All  perchlorates  are  soluble  in  water. 

Reactions  in  the  Wet  Way 

Perchloric  acid  is  not  attacked  by  concentrated  sulfuric  acid,  nor 
reduced  to  chloride  by  zinc  dust,  Devarda's  alloy,  sulfurous  acid,  or 
acid  solution!)  of  ferrous  salts. 

1.  Potassium.  Salts  precipitate  the  relatively-insoluble,  white,  crys- 
talline KGLQi  (cf.  p.  85)  insoluble  in  alcohol.  Ammonium  salt*!  give 
a  similar  precipitate. 

2.  Silver  Nitrate  and  Barium  Chloride  produce  no  precipitation. 

3.  Titanium  Trichloride,  TiCli,  hydrosulfurous  acid,  H«8s04,  and 
the  lower  oxidation  products  of  vanadium,  molybdenum  and  tungsten 
reduce  perchlorates  to  chlorides. 

Reactions  in   the  Dry   Way 

The  perchlorates  deflagrate  on  being  heated  on  charcoal ;  on  fusing 
they  lose  oxygen,  leaving  chloride  behind,  which  when  dissolved  in 
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water  gives  all  the  reactions  for  hydrochloric  acid.  If  a  perchlorate 
is  fused  with  a  chloride,  e.g.  zinc  chloride,  chlorine  is  evolved.  If  the 
chlorine  is  driven  over,  by  a  stream  of  carbon  dioxide,  into  potassium 
iodide  solution,  iodine  is  set  free.  If  nitrates  are  present,  they  can  be 
decomposed  first  by  evaporating  to  dryness  with  concentrated  hydro- 
chloric acid,  and  then  to  make  sure  that  no  traces  of  nitrate  remain, 
Gooch  and  Kreider  recommend  evaporating  with  manganous  chloride 
and  concentrated  hydrochloric  acid,  and  again  evaporating  with 
hydrochloric  acid.  Finally  they  precipitate  the  manganese  with 
sodium  carbonate,  filter  and  evaporate  the  filtrate  to  dryness  and 
then  test  the  residue  for  chlorate  by  fusing  with  zinc  chloride. 


Pehsulfuric  Acid,  HjSjOs 

Pure  persulfuric  acid  itself  has  never  been  isolated,  its  solution 
in  sulfuric  acid  alone  being  known.  It  was  first  prepared  by  M. 
Marshall,*  who  elect rolyzed  fairly  dilute  .sulfuric  acid,  keeping  it 
very  cold.  During  the  electrolysis  hydrogen  ions  are  discharged  at 
the  cathode  and  unite  to  form  hydrogen  molecules,  while  HSO<  anions 
are  discharged  at  the  anode  and  unite  to  form  persulfuric  acid: 
2HiS04-*Hi+  HiSjO,. 

The  preparation  of  ammonium  persulfate,  from  which  all  other 
persulfates  are  made,  is  entirely  analogous. 

The  most  important  salts  of  persulfuric  acid  arc  those  of  ammo- 
nium, potassium,  and  barium.  (NH,).S.t),  is  readily  soluble  in 
water,  and  forms  monoclinic  crystals;  KiSjOg  is  difficultly  soluble 
in  cold  water,  but  much  more  soluble  in  hot  water,  from  which  solu- 
tion it  it  obtained  by  rapid  cooling  in  the  form  of  long  crystals; 
BaSjOg  +  4  HjO  is  made  by  rubbing  ammonium  persulfate  with  barium 
hydroxide,  and  is  fairly  soluble  in  water. 

Reactions 

A  solution  of  ammonium  persulfate  may  be  used. 

1.  Water.  —  All  persulfates  are  decomposed  in  aqueous  solution 
(slowly  in  the  cold,  but  more  quickly  on  warming),  forming  sulfate, 
free  sulfuric  acid,  and  oxygen: 

2  WV  "  +  2  H,0  —  4  HSOr  +  O,  T  , 
2  BaS,08  +  2  HiO  -» 2  BaSO«  +  2  H,S(  )4  +  O,  T  . 

A  large  proportion  of  the  oxygen  escapes  as  or,onc,  which  can  In- 
detected  by  its  odor,  or  by  its  property  of  turning  iodo-starch  paper 
blue.  A  dilute  solution  of  ummonium  persulfate  decomposes  slowly 
at  20°  C,  without  evolution  of  oxygen,  part  of  the  nitrogen  being 
oxidized  to  nitric  acid : 

4  (NIWAOi  +  3  H,0  -  7  CNHJHBOi  +  H»SO«  +  UNO,. 

2.  Dilute  Sulfuric  Acid  acts  the  same  as  water. 

3.  Concentrated  Sulfuric  Acid.  —  If  a  solid  persulfate  is  dissolved 
in  concentrated  sulfuric  acid  at  0°  C,  a  liquid  is  obtained  which  pos- 
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sesses  very  strong  oxidizing  properties.     The  mixture  is  known  as 
Caro's  acid.*     For  further  particles  concerning  this  acid  see  below. 

4.  Silver  Nitrate  precipitates  hlack  silver  peroxide: 

2  Ag+  +  SsOT"  +  2  HiO  —  2  HBO"  +  2  H+  +  A&Os. 

If,  however,  the  concentrated  solution  of  ammonium  persulfate  is 
treated  with  ammonia  and  a  very  little  silver  nitrate,  a  lively  evolution 
of  nitrogen  takes  place,  and  the  solution  becomes  heated  to  boiling. 
Silver  peroxide  is  formed  first,  and  oxidizes  the  ammonia  to  water, 
setting  free  nitrogen  (catalysis),  t 

5.  Manganese,  Cobalt,  Nickel,  and  Lead  Salts  are  oxidized  in  the 
presence  of  alkali  to  black  peroxides: 

Mn++  +  S.OT  "  +  4  OH"  —  2  SO,"  +  HjMnO,  +  H,0. 

In  this  last  reaction  persulfuric  acid  reacts  exactly  similarly  to  hydrogen  per- 
oxide It  may  be  distinguished,  however,  from  the  latter  by  the  fact  that  it  does 
not  decolorize  a  solution  of  potassium  permanganate,  does  not  produce  a  yellow 
coloration  with  titanium  sulfate,  and  does  not  react  with  chromic-  acid  to  form 
chromium  peroxide  (of.  p.  147).  Ferrous  suite  arc  ruadily  oxidized  to  ferric  milt*, 
iiinl  ccrous  salts  are  changed  t<>  yellow  eerie  Milt.i  by  iicrmilfatefl,  bill  the  latter  are 

nut  <|<-eolori/.cd  l..v  U  MOM I   ibt  l-i--iilf.it.-.  while  tlie\   are  by  hydrogen  |K-r->xtdc. 

Manganese  and  lead  salts  are  precipitated  quantitatively  from  neutral  and 
•lightly  acid  solutions  by  alkali  persulfatcM,  cobalt  incompletely  from  neutral  solu- 
tions and  not  at  all  from  acid  ones,  mid  nickel  only  in  I  lie  presence  of  alkali.  Hydro- 
gen |m-nivi(Ii-  produces  precipitate*  of  iieruxidea  in  all  these  solutions  only  in  the 
presence  of  a-lknii.  In  the  presence  of  silver  ions,  which  have  a  catalytic  effect, 
manganous  ions  are  oxidized  to  permanganate  in  hot  nitric  acid  solutions  by  means 
of  alkali  pcreulfatos. 

58A—  +  2  Mn++  +■  8 HiO  -.  2  HMnO,  +  1080  —  +  14 H+. 

6.  Barium  Chloride  does  not  give  a  precipitate  immediately  in  a 
freshly-prepared,  cold  solution  of  a  pereulfate;  but,  on  standing  some 
time,  or  on  boiling,  insoluble  barium  sulfate  is  precipitated. 

7.  Potassium  Iodide  reacts  with  neutral  solutions  of  persulfate  and 
iodine  is  liberated: 

2 1"  +  StO,-"  —  2SOr~  +  If- 

PcrcurbonatcB  and  perborates  do  not  give  this  reaction, 

Monopersulfuric  Acid  (Caro's  Acid)  H9SO& 

Thia  acid  is  formed  by  the  hydrolysis  of  iiersulfuric  acid, 
Bfifit  +  H,0  —  H|80,  +  H.80,, 
and  by  the  action  of  perhydrol  (30  per  cent  hydrogen  peroxide)  on  sulfuric  acid: 
H.SO.  +  H,0, -*  H:<>  |  11,80,. 


'  7.   nn0rw.  Ckem.,  1898,  8-15:  Ht  ,  34,  &f>3  (1901);   Her.,  41, 1839  (1909). 
t  '/.-  phy*.  Chtm.,  87, 288  (1001). 
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Unlike  hydrogen  peroxide,  it  does  not  reduce  permanganates  and  it  causes  the 
liberation  of  iodine  from  potassium  iodide  solutions  more  readily  than  persulf ates  do. 
H£0,  +  2  H+  +  2 1"  -♦  H£04  +  H.0  +  I,. 

It  is  usually  assumed  that  hydrogen  peroxide,  persulf  uric  acid  and  monopersul- 
furic  acid  all  contain  an  atom  of  oxygen  directly  connected  to  another  atom  of 
oxygen;  this  atom  of  oxygen,  therefore,  has  a  positive  and  a  negative  charge  residing 
upon  it  (cf.  p.  33). 


GROUP  VI 

Silver  Nitrate  produces  no  precipitate. 

Barium  Chloride  produces  a  white  precipitate,  insoluble  in  acids. 

SULFURIC  ACFD,  H2SO, 

Pure  sulfuric  acid  at  ordinary  temperatures  is  a  colorless,  oily  liquid 
of  specific  gravity  1.838;  at  low  temperatures  it  is  a  solid.  If  the  acid 
is  subjected  to  distillation,  it  is  always  partially  decomposed;  heavy, 
white  vapors  of  SO,  are  given  off  first,  and  at  338°  C.  a  98  per  cent  acid 
distills  over.  Ordinary  commercial  sulfuric  acid  has  :i  specific  gravity 
of  1.83-1.84,  and  contains  93-9fi  per  cent  HjS()4.  The  maximum  den- 
sity is  reached  when  97.35  per  cent  H»SOj  is  present.  Commercial  sul- 
furic acid  often  contains  lead  sulfate,  selenie  acid,  platinum,  palladium, 
arsenious  acid,  the  nitrogen  acids,  and  small  amounts  of  organic  matter 
(whereby  it  is  often  colored  brown)  as  impurities.  Concentrated  sul- 
furic acid  is  very  hygroscopic,  and  is  used  for  drying  gases,  eh. 

The  anhydride  of  sulfuric  acid,  SOi,  dissolves  in  concentrated 
sulfuric  acid,  forming  pyrosulfuric  acid,  HjSjOj,  which  is  solid  at 
ordinary  tem|M?r:it.ures,  melts  at  35°,  and  loses  S0»  at  higher  tempera- 
tures. It  fumes  strongly,  and  is  called,  therefore,  fuming  sulfuric 
acid.     Sulfuric  acid  is  dibasic  and  forms  both  neutral  and  acid  salts. 

Solubility.  —  Most  sulfates  are  soluble  in  water;  calcium  sulfate 
is  difficultly  soluble,  strontium  and  lead  sulfates  are  very  difficultly 
soluble,  while  barium  sulfate  is  practically  insoluble  in  water.  There 
are  also  a  number  of  basic  sulfates,  Hg,  Bi,  Cr,  which  are  insoluble 
in  water,  but  are,  as  a  rule,  easily  dissolved  by  dilute  acid. 

Reactions  in   tl\p   Wet   Way 

1.  Sulfuric  Acid  naturally  gives  no  reaction. 

2.  Silver  Nitrate  causes  no  precipitation  in  dilute  solutions,  but 
in  concentrated  solutions  a  white,  crystalline  precipitate  is  formed 
(100  00.  of  water  dissolve  at  18°  C.  only  0.58  gin.  of  silver  sulfate). 

3.  Barium  Chloride  precipitates,  from  even  the  moat  dilute  solu- 
tions, white  barium  sulfate,  insoluble  in  acids. 

4.  Lead  Acetate  precipitates  white  lead  sulfate,  soluble  in  concen- 
trated sulfuric  acid,   ammonium  aeetate,  and  ammonium   tartrate 

solutions  (cf.  p.  222). 
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To  detect  the  present*  of  SO«  in  inaoluhle  sulfates,  treat  with  sodium  carbonate, 
whereby  insoluble  carbonate  mid  soluble  sodium  sulfate  tire  form'  il 

Laid  sulfate  and  <:ili mm  Milhili-  urn  easily  decomposed  by  Imiling  with  sodium 
rarboiiati-  Ndluimii.  but  b.iriiini  and  strontium  sulfate*  urn  only  incompletely  decom- 
posed by  tliw  treatment.  » 1  >  - .•?■  IN  much  BUM  reudily  utlucked  by  fusing  with  four 
limes  as  much  sodium  nirlionille  (cf.  p.  Ilfl). 

Kven  barium  sulfate,  however,  is  decomposed  sufficiently  for  the  purposes  of 
qualitative  analysis  by  boiling  with  sodium  carbonate. 

5.    By  Metals  in  acid  solution  the  sulfates  tire  not  reduced. 

Reactions  in   the  Dry  Way 

The  neutral  salts  of  the  alkalies  melt  with  difficulty  without  being 
decomposed,  while  the  acid  salts  of  the  alkalies  readily  give  off  water 
and  SO,  (cf.  p.  138). 

The  sulfates  of  the  alkaline  earths  and  of  lead  do  not  undergo 
decomposition  on  ordinary  ignition;  the  remaining  sulfates  are  more 
or  less  decomposed. 

All  sulfates  are  reduced  to  sodium  sulfide  when  heated  with  sodium 
carbonate  on  charcoal;  if  the  product  is  placed  upon  a  bright,  silver 
coin  and  moistened,  a  black  stain  of  silver  sulfide  results,  e.g.: 

(a)  CaSO«  +  NajCO,  -  CaCO,  +  Na,S04; 

(6)  Na,S04  +  2  C  -  2  CO,  4-  Na,S; 

(c)  2  NatS  +  4  Ag  +  2  H,0  +  O,  =  4  NaOH  +  2  Ag2S. 

This  reaction  is  called  the  Hepar  reaction  and  is  obtained  with  all 
substances  that  contain  sulfur. 


hydrofluoric  acid,  HjFs  (or  HF) 

Occurrence.  —  Hydrofluoric  acicl  occurs  in  nature  only  in  the  form 
of  fluorides,  of  which  the  most  important  is  flimrite,  CaFf,  crystalliz- 
ing in  the  isometric  system.  It  is  also  found  as  cryolite,  NajlAIFn], 
in  (Jreonland,  and  in  many  silicates,  bucIi  as  tourmaline,  topaz,  lepido- 
lite,  apophyllite,  apatite,  etc. 

Preparation.  —  Hydrofluoric  ucid  is  obtained  by  decomposing  a 
fluoride  with  concentrated  Hulfuric  acid  in  platinum  or  lead  retorts: 

CaF,  -f-  HaSO«  -  CaSOi  +  H,F,  |  . 

Properties.  —  Hydrofluoric  acid  at  temperatures  above  20°  C.  is 
a  colorless  gas  which  changes  at  19.4°  C.  to  u  mobile,  fuming  liquid. 
The  vapot-H  posses*  ;i  |)em't  rating  odor  and  nw  poisoning.  When  in 
contact  with  the  skin,  the  acid  produces  painful  hums.  On  btttfag 
the  concentrated  ftqueooa  dilution,  the  gas  HsF*  at  first  distills  and 
then  the  36  per  cent  acid. 

Hydrofluoric  acid  is  distinguished  from  nil  other  ucid*  by  its  ability  to  dissolve 
silicic  acid,  a  property  which  is  utilized  technically  for  etching  gla--,  :md  in  th« 
analytic-id  laliorntur.v  for  detect  inn  flunritiu.  uinl  -ilici -id,  «.-  well  :i*  f •  >r  dt  v.  mow- 
ing silicates.  On  account  of  this  action  upon  glass  the  acid  must  be  kept  in 
platinum,  wax,  or  hard  rubber,  mid  prepared  in  platinum  or  lead  vessels. 

The  action  of  hydrofluoric:  acid  upon  r<ili-  i  place  according  to  the 

I'llUlllKlll 

SO,+2H,F, -2H,0+SiF.T, 

and  the  velocity  of  the  reaction  depends  upon  the  fineness  and  nature  of  the  maid- 
rial.  Thus  Mackintosh  •  found  after  one  hour'*  action  of  an  cxrwtw  of  0  per  cent 
hydrofluoric  acid  upon  quarti  and  opal  powder  that  the  quartz  had  lost  only  1  ,V. 
per  cent  of  its  original  weight  while  the  opal  had  lost  77-28  per  cent. 

If  precipitated  and  ignited  silica  is  treated  with  strong  hydrofluoric  acid,  it  dia- 
boIvn  almost  immediately  with  hissing  and  strong  evolution  of  heat,  while  quarti 
powder  under  the  name  treatment  is  dissolved  only  slowly. 

Most  silicates,  Willi  regard  to  I  he  ease  with  which  they  are  attacked  by  hydro- 
fluoric acid,  xtand  intermediate  between  the  precipitated  silica  and  quarti,  although 
loiine      I i I     lt«      arc    .it  tacked    BOH    dillirilll  |v    i|i:i:i    i-    mmil.-,    W&    |    HI    HI    DOlg 

slightly  acted  upon. 

Hydrofluoric  ucid,  HF,  iu  dilute  aqueous  solution*  is  a  weak,  monobasic  arid  hav- 
ing, m  common  with  other  weak  acids  like  carbonic  acid,  acetic  acid,  etc.,  the  property 
of  turning  blue  litmus  red  and  Brazil-wood  paper  yellow.  The  ionization  constant 
is  about  7.2  X  10"4.    In  concentrated  solutions,  hydrofluoridc  ions  axe  formed, 

HF-r-K-  -HF- 


•  Chem.  Newt,  M,  102. 
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and  the  primary  ionization  of  the  dibasic  H,F»  in  considerably  greater  than  that  of 
ttM  ^iniplir  molecules.  Ttio  aqueous  solution  of  .in  :ilknh  lluoride  haa  a  etrouR  alka- 
line reaction. 

The  property  of  forming  very  xtablc  complex  metal-hydrofluoric  acids  in  char- 
acteristic of  hydrofluoric  and  U  of  hydrocyarm  W  nl, 

B|AgF.L  H|KF,|,  B[NoFJ  iod  H|\H,F,], 

and  correwponding  to  fcrrioyanic  acid,  Ili[Fe(CN)t]: 

Na.|FcF.!,  N'atlAlF.],  etc 

I'nhki-  tin-  curnplcv  .-.  iiniueii  •  .jn.p. jiiuds,  ol  vvln.li  the  freo  acid*  either  do  Dot 
exist  at  all  or  represent  very  unstable  compound*,  the  corres|>oi>ding  fluorine  acid*  arc 
finely  st.'ibli-.  liui-  liyilrnflrgcnlilliiiirii'  m-Jil,  H|AgF:]  iliTompiiwjs  only  on  gently 
heating  it,  into  -il'..-i  lluoride  and  hydrofluoric  acid,  and  tlic  corrcaponding  alkali 
compounds  arc  decomposed  only  upon  ignition;  for  this  reason  the  latter  arc  suitable 
for  attacking  difficultly  decomposable  silicates,  zircon  and  titantium  minerals,  etc., 
which  an-  only  partially  attacked  by  freo  hydrofluoric  acid. 

Solubility.  —  Tin:  fluorides  of  tltt:  alkalies,  of  silver,  aluminium, 
tin,  and  mercury  are  soluble  in  water,  while  those  of  the  alkaline 
earths,  of  lead,  copper,  and  zinc,  are  insoluble,  or  at  least  very  diffi- 
cultly soluble. 

Reactions  in  the   Wet   Way 

For  reactions  1,  2,  and  3,  use  powdered  calcium  fluoride,  but  for  reactions  4,  5,  6, 
and  7,  use  a  solution  of  sodium  fluoride. 

1.  Dilute  Sulfuric  Acid  causes  only  a  slight  reaction. 

2.  Concentrated  Sulfuric  Acid  reacts  readily  on  warming,  setting 
free  hydrofluoric  acid : 

CaFa  -f  EUSQi  =  CaS04  +  H*Ft  T  • 

Void  containing  ulxnit  90  per  cent  HiSO«  is  most  suitable  for  this  reaction.  Acid 
containing  nn  ttOMi  of  SO,  i«  likely  to  cauiie  the  formation  of  difficultly-volatile 

fluuniulfonir  acid,  IISO,F. 

If  the  reaction  is  performed  in  a  test-tube,  the  hydrofluoric  acid  will  nltuck  the 
gluw,  forming  volatile  silicon  fluoride  and  Baits  of  hydri.rl  1 0  [flidc  add;  but  the  lattw 
arc  decomposed  by  the  concentrated  sulfuric  acid  into  nulfute,  hydrofluoric  acid, 
and  silicon  fluoride. 


and 


NkCaSUO,,  -I-  H  II,F,  =  11  HrO  t  +  NfcSiF.  +  CaSiF,  +  4  Sir',  T . 
agdatlusf 


Na,SiF,  +  11,804  =  Na,SO,  +  H,F,  T  +  HF«  I , 
CaSIF,  +  11,80,  =  CaSO,  +  H,F,  I   •  SiF,  f  . 

The  nlicon  fluoride  formed  bj  this  reaction  is  a  colorlwe  gas  with  a  penetrating 
odor,  and  a  decomposed  by  water,  forming  gelatinous  win  do  add  and  hydrofluoric 
acid, 

(1)  SiF.  -f  4 11,0  -  H,SiO.  +  2  H,F,  f . 

Silicon  fluoride,  however,  readily  combines  with  hydrofluoric  acid  to  form  hydrc- 

lluofilicic  acid: 

(2)  SiF,  +  H,F,  -  H,|SiF«l, 
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and  the  latter  compound  is  not  decomposed  by  water.  The  entire  reaction,  there- 
fore, which  takes  place  between  silicon  tetrafluoride  and  water  is  expressed  by  the 
sum  of  the  two  equation*,  n»  follow- 

3  SiF,  +  4  H,0  =  H4SIO4  +  2  H.ISiF.]. 

If,  therefore,  n  fluoride  be  heated  in  it  glass  test-tube  with  concentrated  sulfuric 
acid,  and  the  escaping  vapors  allowed  to  act  upon  water  In  placing  u  moist  gla>* 
rod  in  the  tube,  the  water  adhering  to  the  rod  will  become  turbid. 

Remark.  —  Although  the  above  test  rarely  fails  when  relatively  large  amount* 
of  fluoride  are  used,  il  will  DOt  be  obtained  u»  the  case  o(  certain  minerals  containing 
fluorine,  meh  a*  topaz,  tourmaline,  etc.  The  test  may  fail,  furthermore,  if  the 
fluoride  in  mixed  with  u  larpe  exr«i«  of  that  modification  of  silicic  acid  which  in  motil 
readily  attacked  by  liydrofluorir  acid  \ccoriling  lo  Daniel,*  this  is  iluc  In  the  forinii- 
tion  of  a  Ktahlc  oxyfluoride,  probably  of  the  formula  SiOF». 

I'hi.'  silicon  tetrafluoride  at  Erst  formed  combines  with  the  excess  of  amorphous 
silicic  acid  present,  an  follows, 

SiF,  -r-SiO,  =2SiOFi, 

but  this  reaction  will  take  place  only  very-  slowly,  if  at  nil,  with  quarts  powder  or 
with  the  silica  of  a  silicate  such  as  glass. 

A  positive  result  will  Ik-  obtained  invariably  when  the  tetrafluoride  test  is  made 
in  a  platinum  vessel  with  a  relatively  Inrge  amount  of  fluoride  and  comparatively 
little  amorphous  silicic  acid  or  silicate  (large  amounts  of  quarts  do  not  influence  the 
reaction);  the  teat  will  be  negative,  on  the  other  hand,  if  made  in  platinum  with  no 
silicic  acid,  or,  strange  to  say,  when  only  quartz  is  present  with  the  fluoride.  The 
reason  for  this  dittcrent  behavior  lie  m  t  In-  difficulty  with  which  quarts  is  attacked 
by  hydrofluoric  arid. 

Daniel  recommends  the  following  method  for  performing  the  tint: 
Mix  the  substance  to  be  tested  for  fluorine  with  about  three  timet  u  much  (by 
volume)  of  ignited  quarts  powder,  place  the  mixture  in  a  test-tube  and  stir  it  into  a 
thin  paste  with  concentrated  sulfuric  acid.  Close  the  test-tube  with  a  cork  in  which 
one  hole  has  been  bored  and  an  opening  cut  in  the  side.  Through  the  hole  in  the  cork 
insert  a  glass  rod  blackened  »  ith  nnpbalt  paint,  and  on  the  bottom  of  the  roil  MiiKpend 
a  drop  of  water;  push  this  rod  down  into  the  tulie  until  it  il  only  a  distance  equal  to 

about  1  J  times  the  diameter  of  the  test-tube  from  the  paste  in  the  bottom.  Gently 
heal,  the  tulie  and  it."  contents  over  a  miiiiII  Ilium",  and  if  a  fluoride  1."  present  a  white 
film  of  ll,Si(),  will  Ik"  formed  in  the  drop  of  writer  and  will  bo  shown  plainly  in  con- 
trast to  the  black  rod-  In  a  tulie  with  1  cm.  diameter,  fluorine  equivalent  to  1  mgni. 
CaFi  may  l>c  detected,  while  with  a  tulie  of  onlj  0  5  i  in  diameter  ax  little  m  0.1 
mgm.  CaFt  will  give  the  test.  W  lien  using  a  tulie  of  small  diameter,  it  is  best  to 
add  the  sulfuric  acid  through  a  small  capillary  pipette  to  avoid  wetting  the  Bides  of 
the  tube. 

If  the  substance  contains  OOOflidflnUe  amorphous  silica,  or  when  an  oxyfluoride, 
such  as  topas,  is  present,  which  is  hard  to  decompose  with  sulfuric  acid,  the  test 
will  fail,  and  it  is  then  necessary  to  make  use  of  the  etching  teat. 

3.  The  Etching  Test.  —  I'lnee  the  substance  to  be  tested  for  fluoride  in  a  platinum 
crucible,  add  some  concentrated  sulfuric  acid,  and  cover  the  crucible  with  a  watch- 
glass  whose  convex  side  has  a  thin  coating  of  beeswax  Uirough  which  u  few  letters 
have  Ijeen  scratched  with  a  pointed  match     On  warming  t  he  contents  of  the  crucible, 


•  Z.  anorg.  Chen.,  38  (1904,  2W). 
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the  glass  will  tie  etched  at  the  plan*  where  the  csenping  gii*  comcj  in  contact  with 
it,  if  &  fluoride  vu  originally  present.     By  covering  the  upper  concave  side  of  the 
-  with  a  little  cold  water,  the  wax  coating  will  not  rm  It  during  the  ex- 
periment. 

If  it  in  desired  to  detect  the  presence  of  a  trace  of  fluorine,  allow  the  crucible 
to  stand  covered  with  the  watch-glass  for  twelve  houra  and  then  heal  lot  «  few 
minuted.  The  prorata  iif  i.nlv  0.3  mgui.  CaF«  is  sufficient  to  give  this  test,  pro- 
vided a  crucible  of  the  right  size  is  used. 

If  the  Urn. rule  ninf.i  no  .  I     BiOft  ■:>.■<  in  lOP&t,  t ■  -i  1 :  i n :i  1 1 1 tt ■ .  ;ini(  ulln  r  mi  Hi-rain),  UlC 
etching  tell  v,  ill  !«•  negative,  for  even  if  the  fluorine  escaped,  it  will  I*  in  the  form  of 
ill.  on  fluoride,  which  doc*  not  attack  glass. 

In  ilii:ri  mall  ''mounts  <if  Ftuoridti  111  riUcates,  [I  El  nccensary  nrsl  lo  transform 

l hi'  Ihiuriiie  into  liTflftlBn  Buorida  tad   to  lubjoot   llic  hitler  compound  to  tin    t'-t 

To  obtain  the  fluorine  as  calcium  fluoride,  proceed  as  follows: 
Fuse  the  finol.v-pulveri*> id  silicaU  with  -in  to  •  ik:ht  times  U  much  sodium  car- 
lionnte  in  a  pliiliniiin  mil -it ■!■-,  and  treat  the  melt  with  water  after  it  is  cold  A 
solution  is  thai  obtained  in  which  all  of  the  fluorine  is  present  as  sodium  fluoride, 
together  with  sodium  silicate.  Precipitate  the  silicic  acid  bj  inkling  considerable 
iiiiiiiiiniiuiii  ciiliMiiut.  to  tin-  .solution,  warming  it  slightly,  ami  allowing  u  to  stand 
twain  houra.    After  filtering  off  the  nhoa,  evaporate  tin-  solution  to  n  mu.iD  vni- 

niie ■.  aud  add  a  little  plicuolphllialciii,  which  "ill  impart  a  pmk  color  to  the  solution 
on  account  of  it.-  being  slightly  alkaline.  Can-fully  mid  hydrochloric  acid  until  the 
stirred  solution  IjccomuK  colorless,  and  heat  to  boiling,  when  the  color  will  reappear. 
Again  iliTolori/.e  the  subitum  with  hjK&XX  1 . 1 ■  ■  r i .  add  afur  it  has  btODOM  cold,  and 
re|jeal  the  process  until  the  .solution  ticcomra  only  faintly  colored  on  Itniling  it 

Now  odd  calcium  chloride  solution  and  again  ls>il  the  solution.  The  precipitate 
consists  of  Boll  -mm  carbonate  and  calcium  fluoride;  filter  it  off,  waah,  dry,  and  ig- 
nite it  in  a  pint iiium  mi.iiile.  Treat  the  ash  with  dilute  acetic  acid,  evaporate  to 
dryness,  triturate  with  water  and  filter  off  the  undissolved  calcium  fluoride.  After 
drying  the  precipitate  and  burning  the  filler,  it  in  ready  for  the  etching  tent. 

4.  Silver  Nitrate  causes  no  precipitation  from  solutions  of  soluble 
fluorides. 

5.  Barium  Acetate  precipitates  barium  fluoride  soluble  in  an 
exetefl  of  mineral  acid  and  in  ammonium  salts.  Traces  of  fluorine 
present  as  preservative  in  foods,  liquors,  etc.,  may  be  detected  by 
adding  ■  little  potassium  sulfate  (about  0.3  gm.)  to  the  solution, 
beating  it  to  boiling  and  slowly  introducing  HJ  80.  of  10  per  cent  barium 
.'ici  late  solution.  The  precipitate  of  barium  sulfate  and  fluoride  L<t 
then  subjected  to  the  etching  test.* 

6.  Calcium  Chloride  gives  a  white,  slimy  precipitate,  difficultly 
soluble  in  hydrochloric  and  nitric  acids,  but  almost  entirely  insolu- 
ble in  acetic  acid.  On  account  of  its  slimy  consistency,  the  precipi- 
tated calcium  fluoride  is  extremely  hard  to  filter;  but  by  precipitating 
it  in  the  presence  of  calcium  carbonate  a  mixture  is  obtained  which 


*  (X.  Blarce,  Chcm.  iVrtra,  81,  39;   ol*o  Wooi>ma.n  and  TALBOT,  J.  Am.  Ci 
See.,  tl,  1437. 
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can  be  readily  filtered.  After  igniting  and  treating  with  acetic  Mid, 
the  precipitate  is  changed  to  soluble  oaldum  acetate  and  insoluble 
calcium  fluoride;   it  is  now  DUXOO  denser  and  can  be  filtered  readily. 

7.  Ferric  Chloride  produces  in  concentrated  solutions  of  alkali 
fluorides  a  white,  crystalline  precipitate  corresponding  to  the  general 
formula  Ms[FeF«|.  These  salts,  which  are  analogous  to  cryolite, 
Na»[AlF|],  arc  difficultly  soluble  in  water,  and  their  saturated,  aqueous 
solutions  do  not  give  the  iron  reaction  upon  the  addition  of  potassium 
tbifx-.vjiti.it i-.  twrept  after  the  addition  of  acid.  These  complex  fluor- 
ides also  are  slightly  decomposed  by  ammonia,  forming  a  basic  ferric 
fluoride. 

Method*  for  Getting  IniutluMc  r'luorutr.%  into  Solution 

(a)  ("alruun  fluoride  alum-  canunt  lie  deroiii|>o.->cd  completely  hy  fusing  with 
sodium  carbonate.  The  nn,ucoua  solution  of  thu  melt  alw&yit  contain*  a  consider- 
able amount  of  sodium  fluoride,  but  never  the  total  sniount  of  Uie  fluorine.  If, 
however,  tin"  fluoride  is  mixed  with  silica  or  si  Kiliente,  complete  decomposition  can 
be  effected  by  fusing  with  sodium  carbonate.  Tho  silica  decompose*  calcium  flu- 
oride, forming  calcium  fluoailicate  and  calcium  silicate,  salts  which  are  decomposed 
by  fusion  with  sodium  carbonate. 

On  treating  the  melt  with  water,  midiuni  fluoride  and  podium  silicate  ro  into 
solution,  while  the  calcium  is  left  behind  on  the  carltonate,  and  can  be  dissolved 
by  treatment  with  dSltia  byfln m-IiI< .ric-  u .-id.  To  detect  fluorine  in  eilicates,  they 
should  first,  lie  subjected  to  sodium  carbonate  fusion. 

(6)  All  fluorides  are  dccom|)08ed  by  heating  with  concentrated  sulfuric  arid, 
being  changed  to  sulfates. 

Reactions  in  the  Dry  Way 

Most  fluorides  arc  unchanged  by  ignition.  By  heating  them  with 
silica  in  moist  air,  they  arc  all  more  or  less  completely  decomposed: 

CaF,  +  H,0  +  SiO,  =  CaSiO,  -f  H,F,  T  • 
2  HsF,  +  SiO,  =  BZRi  T  +  2  H,0. 

The  aei<i  fluorides  give  off  hydrofluoric  acid  on  ignition,  whereby  the 
glass  tube  in  which  they  are  heated  becomes  etched. 


HYDROPLDOSILICIC  ACID,  H,S1F, 

As  we  have  seen,  this  acid  is  formed  by  the  action  of  silicon  fluoride 
upon  water: 

3SiF,  +  4  H.O  =  2  H»[SiF,]  +  H«SiO«. 

If  the  silicic  acid  is  filtered  off,  a  strongly-acid  solution  is  obtained 
containing  hydrufluusilicie  acid.  By  evaporating  the  solution,  the 
acid  is  decomposed  into  silicon  fluoride  and  hydrofluoric  acid, 

H,[SiF,]  =  SiF«  T  4- II,F,  T  . 

80  that  hydroftuosilicic  acid  itself  is  known  only  in  aqueous  solution, 
although  its  salts  are  very  stable. 

Solubility.  —  Most  fluosilicates  arc  soluble  in  water;  the  potassium 
and  barium  salts  form  exceptions,  being  difficultly  soluble  in  water 
and  insoluble  in  alcohol. 


Reactions  in  the  Wet   Way 

A  solution  of  sodium  rluosilicate  should  be  used. 

1.  Dilute  Sulfuric  Acid  causes  only  a  very  dSgttl  deoom position. 

2.  Concentrated  Sulfuric  Acid  decomposes  fluosilieates,  evolving 
silicon  fluoride  and  hydrofluoric  acid : 

Na,SiF„  +  FIjSO*  =  NaSO,  4-  SiF,  |  4-  H*F,  t , 

If  the  reaction  is  performed  in  a  platinum  crucible,  the  escaping 
gas  will  ftch  glass,  anil  will  cause  n  drop  of  water  to  become  turbid. 

3.  Silver  Nitrate  produces  no  precipitation. 

4.  Barium  Chloride  gives  a  crystalline  precipitate  (1  gm.  Ba[SiF«] 
dissolves  in  about  3750  cc.  of  water  at  17°). 

5.  Potassium  Chloride  produces,  from  solutions  which  are  not 
too  dilute,  a  Rclatinous  precipitate  of  potassium  fluoeilicate,  which  is 
difficultly  soluble  in  water  (1  gm.  of  K-[SiF«|  dissolves  in  835  cc.  of 
water  at  IT9)  and  much  more  insoluble  in  an  excess  of  potassium 
chloride  or  in  alcohol,  but  soluble  in  ammonium  chloride. 

6.  Ammonia  decomposes  all  soluble  fluosilicates,  with  separation  of 
silicic  acid : 

Na,8iF«  4-  4  XH40H  =  2  NaF  4-  I  NH*F  4-  H«SiO,. 

7.  Potassium  and  Sodium  Hydroxides  react  in  the  same  way  as 
ammonia,  but  the  silicic  acid  remains  in  solution  as  alkali  silicate. 
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Reaction*  in  the  Dry  Way 

Fluosilicates  are  decomposed  on  being  heated  into  fluoride  of  the 
metal  and  silicon  fluoride: 

K,SiF,  =  2  KF  +  SiF4 1 . 

The  escaping  gas  renders  a  drop  of  water  turbid,  and  the  residue 
gives  all  the  reactions  of  a  fluoride. 


group  vn 

NON-VOLATILE  ACIDS  WHICH  FORM  SOLUBLE  SALTS  WITH 
THE  ALKALIES 

SILICIC  ACID,  H.SiO,  AND  H5SiO, 

Occurrence.  —  The  above  acids,  from  which  very  stable  salts  are 
derived,  are  not  known  in  the  free  state,  as  is  the  case  with  carbonic 
and  sulfurous  acids.  There  are,  however,  amorphous,  natural  minerals 
rdiisistiiiK  <>f  by d rated  silica  with  varying  amounts  of  water:  water 
opal  with  about  36  per  cent  water,  ordinary  opal  with  from  3  to  13  per 
cent  water,  and  hyalite  with  about  3  per  cent  water;  but  none  of  these 
substances  represents  a  compound  of  constant  composition. 

The  anhydride  SiOj  oenirs  in  rlmmbohfidral  crystals  as  quartz, 
whose  prismatic  faces  are  almost  always  striated  horizontally;  and 
as  tridymite,  also  crystallizing  in  the  hexagonal  system.  The  amor- 
phous silicic  acid  is  often  found  mixed  with  the  crystallized  anhydride 
:»*  flint,  agate,  chalcedony,  jasper,  etc.  Silicic  acid  is,  however,  most 
frequently  found  in  the  form  of  its  salts,  the  silicates. 

Preparation  and  Properiuit.  —  Silirir  acid  can  be  very  readily  ob- 
tained by  the  hydrolysis  of  its  fluoride, 

3SiF«  +  4  H,0  =  2H,SiF,  +  H,SiO<, 
or  by  the  decomposition  of  alkali  silicates  (water-glass)  with  acids: 
Na,SiOs  +  2  HC1  =  2  NaCl  +  H,SiO,. 

The  nilicio  mid  tfc.Ua  obtained  form*  no  umorphoue.  gelatinous  matt,  appreciably 
soluble  in  water  and  acids',  and  readily  soluble  iti  even  dilute  uolutions  of  ce 
nlkalie*  or  tilknlitif  carbonates.  Thus  freshly-precipitated  silicic  arid  will  In  llidfljl 
ii  n  I  icini|i](  t.  Iv  dissolved  by  a  short  digestion  with  5  per  cent  (or  even  I  per  cent) 
sodium  carbonate  solution  on  the  water-hath.  On  Mm  dried,  .Mlicic  arid  ktjuIu- 
•lly  loses  water,  and  At  a  gentle  red  heat.  1*  changed  into  the  anhydride.  AMOHfiOl 
to  the  extent  to  which  the  dehydration  ho«  gone,  the  solubility  of  the  silicic  acid 
diminishes  both  in  acids  and  in  alkalies. 

1.  Air-dried  -ilirir  add,  with  ItM  per  eat  of  water,  corresponding  to  the 
formula  3SiO,>2  II,0.  is  perceptibly  soluble  in  acids,  and  completely  dissolved  by 
digestion  far  one-quarter  to  one-half  an  hour  with  1  i»t  Mai  soda  solution  on  the 
water-bot  fa . 

>.  Silicic  at**  /tried  al  100°  with  13.60  per  cent  of  water,  corresponding  to  the 
formula  2  SiO,  •  !!,(),  it  -practically  inroltAU  in  acuta,  but  can  be  dissolved  by  digest- 
ing for  one-quar'<  r  hour  with  1  per  ant  aodium  carbonate  solution  upon  the  water- 
bath,  or  more  readily  by  boiling. 
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3.  .Silicic  acid  dried  at  200*.  with  5.86  per  cent  of  water,  corresponding  to  the 
formula  5  SiO,-  H»(),  and  the  acid  dried  at  300",  with  3.40  per  cent  of  water,  corre- 
sponding to  the  formula  9  SiOi  •  HA  dissolve  slowly  by  digestion  with  1  per  cent 
Modium  carbonate  solution  on  the  water-bath. 

4.  The  anhydride  obt-aimil  I  •,  gentle  ignition  to  a  fiunt-red  heat  is  only  partly 
lUlfltWl  b)  I  pi  I  »i)t  <>r  l>y  5  pa  Wti  Wtiaa  carbonate  nfter  half  an  hour's  d%M 
tion  on  the  water-bath;  but  is  dissolved  after  boiling  for  two  houm  with  the  sodium 
earlmnatc  solution. 

fi.  The  strongly-ignited  anhydride  is  dissolved  slowly  by  5  per  cent  sodium  car- 
bonate solution  after  repeated  boiling  for  a  long;  time,  but  is  readily  dissolved  by 
bulimic  Mith  concentrated  eaustie  soda  or  potash. 

8,  The  native  anhydride,  quartt,  after  U-ing  |>owdered  in  an  agate  mortar,  i* 
practically  insoluhlr  in  .»  |>er  cent  sodium  carbonate  solution,  iind  very  difficultly 
soluble  in  boiling  caustic  alkali.  If  it  ir  in  the  form  of  on  extremely  fine  powder, 
it  BU  l#  dissolved  by  boiling  with  8  per  cent  sodium  carbonate  solution  (Lunge  and 
UWm%i. 

It  follows  from  the  above  that  the  solubility  of  silicic  acid  (and  of  it*  anhydride) 
in  alkali  carbonates  depends  largely  upon  the  fineness  of  the  material. 

Silin.  :u  ill  as  well  as  its  anhydride,  is  soluble  in  aqueous  hydrofluoric  acid, 
forming  hydrofluoailiric  acid: 

BSD,  +  6HK  -2rl,<>  -r-H^SiF,. 

By  evaporating  this  solution  hydrofluoric  acid  is  evolved,  and  silicon  fluoride, 
with  small  amounts  of  silicic  acid,  is  left  behind.  In  onlcr,  iln-n,  lu  volatilise  silicic 
ucul  completely  by  means  of  hydrofluoric  acid,  the  hydrolytie  action  of  water  must 
be  prevented,  which  is  effected  by  the  addition  of  a  little  concentrated  sulfuric 
acid.    The  procedure-  in  as  follows: 

Moisten  the  substance  in  a  platinum  crucible  with  a  wry  little  water,  add  not 
more  than  J  cc.  of  concentrated  sulfuric  acid,  and  then  the  hydrofluoric  acid.  Evapo- 
rate the  mixture  on  Qw  water-hath,  or  suspend  the  crucible  in  a  larger  crucible,  and 
heat  the-  latter  until  the  hydrofluoric  acid  is  expelled,  cool,  add  another  portion  of 
hydrofluoric  acid  and  again  evaporate.  If  a  very  large  Quantity  of  silicic  acid  it 
present  it  may  Is?  necessary  to  treat  with  hydrofluoric  acid  a  third  time.  It  s 
better  to  proceed  in  this  way  than  to  add  a  large  quantity  of  hydrofluoric  acid 
at  one  time.  Finally  drive  off  the  sulfuric  acid  by  heating  directly  over  a  small 
flame 

The  salts  of  .silicic  acid,  the  silicates,  are  exceedingly  numerous,  and 
are  usually  very  stable.  Many  of  them  arc  so  stable  that  they  are  not 
attacked  by  concentrated  mineral  acids  other  than  hydrofluoric  acid, 
while  others  are  easily  decomposed. 

The  different  silicates  are  classified  according  to  their  solubility 
into 

A.  Water-soluble  silicates. 

B.  Water-insoluble  silicates,  which  are  again  divided  into 
(a)   Silicates  decomposable  by  acids; 

(6)    Silicates  undecomposable  by  adds. 
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Silicic  acid  is  not  sntuhlc  in  water  except  to  form  colloidal  solutions,  nnd  yield* 
scarcely  any  hydrogen  ions.  In  (bio  rr«prcl  n  is  :i  very  weak  acid  but,  as  it  is  prac- 
tically non- volatile,  it  is  taptbls  ot  expelling  the  acid  from  the  salt*  of  strong  adds 
provided  the  ki  n.l   volatile  at.  the  tcmpcratlM  »*  which  the  salt  is  dc- 

BOUPOMd  I  lie  silicates,  therefore,  are  very  stable  compounds  particularly  ton-aid 
heat-  The  natural  silicates  are  derived  from  orthonilicic  acid,  H4SiO«,  from  uieta- 
silicic  mi'kI,  H.-mO,,  and  also  from  polysilicic  acids  such  as  HjSijOi,  and  BriBbOtt. 
The  solubility  oi  the  silicate  depend*  upon  two  factors  —  the  solubility  of  the  oxide 
of  the  base  and  the  proportion  of  silicic  acid  present.  As  a  Rvueral  rule,  the  salt* 
of  ortho  and  rnutasilicic  acids  arc  more  soluble  than  those  of  the  polysilicic  acids. 
Thus  sodium  and  potassium  ortho  and  mct-isilicalca  lire  soluble  in  watrr,  whereon  n 
pob  nlioate  may  contain  alkali  as  its  principal  base  iuul  vet  bt  mi  decomposable  by 
i-iuitrtit rated  hydrochloric  acid.  Buob  iirioayn  may,  buwavu1,  bo  decom|>oaed  by 
bydrofluorio  acid,  which  causes  volatilization  of  the  silica  as  silicon  tctrafluoridc,  by 
melting  with  a  solid  acid  such  as  boric  acid,  or  by  treating  with  mineral  add  in 
a  tealed  tube. 

Null*  uf  buses  of  winch  the  ignited  oxides  arc  ver\  in-i dulilc.  ;>uch  as  AljOi,  some- 
time* form  insoluble  silicates  of  the  ortho  and  meta  type*. 


.(.      II  .,t,/  soluble  Silicate* 

The  silicates  which  arc  soluble  in  water,  or  "  water-glasses,"  are 
obtained  by  fusing  silica  or  a  silicate  with  caustic  alkali  or  alkali  car- 
bonate: 

SiOj  -f  Na,CO,  =  NaiSiOi  +  COi  t . 

1.  Behavior  Toward  Acids.  —  The  aqueous  solution  of  an  alkali 
silicate  reacts  strongly  alkaline,  showing  that  the  salt  is  hydrolyied 
to  a  marked  degree: 

SiO,_~  +  2  HiO  —  2  OH"  4-  HiSiO,. 

The  silicic  acid  set  free  by  the  hydrolv-i-  Is  present  ius  hydrosole 
in  the  solution.     By  the  addition  of  acid  the  alkali  hydroxide  is  con- 
verted into  salt  and  a  part  of  the  silicic  acid  is  coagulated,  provided 
Qlution  is  not  tOO  dilute. 

The  precipitation  is  by  no  means  quantitative;  a  considerable  quantity  of  silido 
acid  remain*  in  solution  and,  in  fact,  under  aotne  conditions  all  of  it  may  remain 
dissolved  in  iln-.JiIu'e  rural      II    n.-ii  i  nl  -.    u  111  untiT-glass  solution  is  poured 

•  piiekly  into  hydiochlorie  acid  of  SpXlific  Kravity  1.1  to  1.3.  tin  r.  i*  no  i'ti«ij.it«tion. 
After  standing  BUM  time,  however,  the  entire  contents  of  the  beaker  arc  changed 
to  a  jelly  From  I  per  cent  solutions  treated  -lonlnrlv  with  acid,  no  precipitate 
appears  even  after  standing  a  year. 

The  silicic  ucid  which  is  precipitated  upon  the  addition  of  acid  m,  therefore, 
•ppredably  soluble  in  dilute  acida.  In  order  to  separate  siliric  ucid  completely 
from  a  solution  of  water-glans,  the  hydrated  acid  nr.i-t  Is-  clmngrd  into  the  less 
hydrmted  acid,  2  SiO,  •  H.O,  by  healing  at  100°  C.  (cf.  p.  440).  For  this  purpose 
scidify  the  water-frlasa  solution  with  hydrochloric  add  (or  nitric  or  sulfuric  add) 
and  evaporate  on  the  water-bath  to  complete  dryness  (the  man  must  no  longer 
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smell  of  acid).  Moisten  the  dry  residue  with  strong  acid,  warm  slightly,  dilute  and 
filter  off  the  silicic  acid.  The  nmnll  amount,  of  silica  remaining  in  solution  can  be 
removed  almost  entirely  by  u  second  evaporation  of  the  filtrate. 

2.  Behavior  Toward  Ammonium  Salts.  —  If  a  solution  of  water- 
glass  is  treated  with  an  ammonium  salt,  the  silicic  acid  will,  for  the 
most  part,  be  precipitated  us  hydroxide;  the  precipitation  is  not  quit© 
quantitative,  hut  more  complete  than  is  obtained  by  the  addition  of 
cold,  dilute  acid: 

8KV  "  +  2  NH«+  -» 2  NH,  +  H,SiO,; 
NH,  +  H,0  j=*  NH4OH. 

The  hydroxyl  ions  have  11  marked  solvent  action  upon  the  siiicir 
acid.  For  this  reason  the  precipitation  is  more  complete  with  an 
ammonium  salt  of  a  strong  acid  than  with  that  of  a  weak  acid,  which 
is  already  hydrolyzcd  to  a  considerable  extent.  Boiling  off  the  am- 
n 1 1  >  1 1  i :  1  helps  to  make  the  reaction  complete.  The  use  of  ammnntUBI 
carbonate,  though  less  satisfactory  than  ammonium  chloride,  is  neces- 
sary when  it  is  desired  to  text  the  solution  for  chloride. 

Silicic  acid  is  more  completely  precipitated  by  sine-ammonia 
hydroxide  than  by  ammonium  carbonate, 

SiOT  "  +  [Zn(NH,)al(OH),  =  2  OH"  +  6  NH,  T  +  ZnSlO,, 

because  the  zinc  silicate  formed  by  the  reaction  is  much  more  difficultly 
soluble  in  dilute  alkaline  solution  than  is  tin-  Free  silicic  acid. 

The  separation  of  silicic  ueul  from  it  solution  of  water-glass  by  menus  of  ammonium 
carbonate  may  be  illustrated  l>y  a  common  case.  Many  rock*  (particularly  the 
.■in. .11-- yi-mii- . li  (formal  ud  ( ; r . ■ . ■  1 1 1  ■  •  1 1  ■  1 .  ntny  fw&hH  and  hrarifi)  irmtilii  Bull 
amounts  of  sodalito,  NaCl  -  3  NaAltfit ),,  a  chloride  silicate  of  the  leueite  group.  In 
order  to  detect  the  chlorine  in  such  a  rock ,  the  following  process  may  be  used:  Fuse 
the  finely  powdered  silicate  with  six  times  as  much  sodium  Mifeoaaia  in  ■  pint  loom 
crucible,  extract  the  product  of  the  fusion  with  cold  water  and  filter.  The  filtrate 
contains  til)  of  the  chlorine  as  sodium  chloride  in  the  presence  of  noditim  silicate. 
Treat  the  solution  with  ammonium  ciirbnnnte,  warm  gently,  allow  to  stand  twelve 
hours,  and  then  filter  off  the  precipitated  silieie  ■*•■•-»-  In  order  to  separate  the  rest 
of  the  silicic  acid,  add  a  little  sine-ammonia  hydroxide  and  boil  the  solution  until 
it  no  longer  smells  of  ammonia.  Kilter  off  the  precipitated  jiiic  silicate  and  sine 
oxide,  acidify  the  filtrate  with  nitric  acid  arid  test  for  chlorine  with  silver  nitrate. 

To  prepare  the  sine  ammonia  hydroxide  dissolve  pure  tine  in  nitric  acid,  treat  the 
solution  with  |x>tassiuiii  hydroxide  solution  until  it  is  neutral,  and  dissolve  the 
filtered  and  washed  sine  hydroxide  in  6-normal  ammonium  hydroxide. 


444 


B.     Silicate*  Insoluble  in  Water 

(a)  Decomposable  by  Acids 

A  large  number  of  native  silicates  are  decomposed  by  evapora- 
tion with  hydrochloric  acid,  the  silica  being  deposited  sometimes 
in  the  form  of  a  jelly  and  sometimes  in  the  form  of  a  powdery  mass. 
All  zeolites,  and  a  numher  of  artificial  silicates  (such  as  Portland  and 
Roman  cements)  belong  to  this  class  of  silicates. 

To  remove  nil  of  the  silicic  acid  from  them-  silicate*,  treat  the  finely  powdered 
mineral  with  dilute  hydrochloric  ai  Id  tad  mjXHSffl  to  dryness  on  the  water-bath. 

DuriiiK  the  evaporation   to  dry  tic**  ..:iltr-   like   :■! iiimniiri)  rliloride    (ferric  chloride. 

etc.)  arc  subject  to  hydrolysis  and  are  converted  to  some  extent  into  oxide  or  basic 
salt.  insoluble  En  water.  Therefore. In order  Id  RpBimM  lbs  silicic  acid  from  the  salts, 
it  is  first  necessary  to  convert  *nch  oxide*  or  basic  salt*  back  into  chlorides.  Thin 
is  accomplished  by  moistening  the  dry  residue  with  concentrated  hydroehlur.. 
acid.  After  warming  the  mid  with  the  residue  for  about  ten  minutes,  dilute  wit li 
hat  water,  boil  and  filter  off  the  silicic  acid  using  an  asblcw  filter. 

The  purity  of  the  residual  silicic  acid  must  always  be  tested.  Kor  thin  purpose, 
plane  Uie  well-washed  precipitate,  together  with  the  Idler-paper,  in  a  weighed  plali- 
iiuin  I  i  ut  ililo  which  rests  in  an  inclined  position  0B«  In.uniuV.  Dry  i-.iri-f  tilly  by  alow 
Hame  placed  in  front  of  tin-  crucible,  and  then  ignite  nt  ax  low  a  temperature  as 
possible,  with  the  Hume  now  at  the  base  of  tin-  crucible,  until  the  carbon  of  the  filter 
is  all  consumed.  Then,  for  the.  first  time,  ignite  strongly,  ©ool  somewhat,  place  in 
a  desiccator  and  weigh  when  perfectly  cool.  Treat  with  hydrofluoric  and  sulfuric 
acids  as  described  on  p.  441,  ignite  and  weigh  after  proper  cooling.  A  difference 
in  the  weights  btfon  and  after  the  treatment  with  theae  acids  shown  not  only  the 
presence  of  silica,  tint  al.-n  the  quant  it  >  of  it.  Thin  quantitative  method  in  necessary 
for  the  detection  of  smidl  quantities  •  if  silicic  mid.  If  I  In-  silicic  acid  werr  pure, 
nothing  should  remain  after  the  evaporation  of  the  sulfuric  acid.  Almost  always  a 
-mall  ressidue  of  aluminium  .-md  ferric  addM  —"**—.  which  in  most  cases  can  be 
neglected.  If  considerable  residue  H  left,  it  should  always  be  tested  for  titanic  acid, 
barium  sulfate  ud  poaBdy  tin  din 

To  identify  the  silicic  acid  qualitatively,  Daniel's  totra  fluoride  test  is  satisfactory." 


Daniel'*    Telrajluaridr    7Vaf 

Ignite  tlic  well-washed  precipitate,  ae  described  nbnve,  in  a  platinum  crucible, 
then  triturate  in  a  mortar  with  three  times  as  much  potassium-sodium  carlionate, 
and  fuse  the  mixture  in  the  crucible.  After  cooling  the  melt,  soften  it  by  heating 
•■vitii  a  little  water  and  treat  with  dibit*  sulfuric  acid  to  decompose  the  excess  of 
carbonate  a«  well  as  the  salt  of  silicic  Mid  formed  during  the  fusion.  Heat  the 
mixture  in  the  crucible,  by  placing  the  latter  upon  a  piece  of  aabeatoa  board,  and 
evaporate  nearly  to  drjmejK  u  lOlfl  I  iMok  jelly  ol  si!:  n-main«.    After 

cooling,  add  three  time*  as  mu.li  fluorspar  as  there  was  origin*!  pn  ■ipi'ute.  •  little 
magncaitc  and  enough  concentrated  sulfuric  acid  to  make  a  thin  paste.  After 
mixing  the  contents  of  the  onkdblt  v,:ih  the  aid  of  a  stout  platinum  wire,  place  a 
dr.  >|  i  of  w  nter  on  the  inside  of  a  crucible  cover,  which  is  partly  painted  with  asphaltum, 


Z.  onorj.  Ckem  ,  38,  299  I.I904J. 
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place  the  cover  on  the  crucible  and  heat  the  content*  of  the  hitter  gently.  From 
time  to  time,  raise  the  cover  to  see  whether  tint  water  has  become  turbid.  It  fre- 
quently happen*  that  the  water  becomes  turbid,  and  then,  provided  it  large  excejM 
of  hydrofluoric  acid  i»  preecut,  the  turbidity  disappears.  For  this  reason  the  rover 
must  be  inspected  frequent  1>  in  order  not  io  miss  any  temporary  turbidity. 

(0)  Silicates  Undecomposablc  by  Adds 

Most  silicates,  the  feldspars,  micas,  artificial  glasses,  porcelain,  etc., 
belong  to  tins  class.  In  order  to  remove  the  silicic  acid  from  such 
substances,  they  must  he 

1.  Fused  with  mi  alkali  carbonate. 

2.  Fused  with  lead  oxide  or  boron  trioxide,  or 

3.  Heated  with  sulfuric  and  hydrofluoric  acids. 

The  effect  of  fusing  a  .silioite  with  'in  iilknli  mrlwnate.  or  with  a  fusible  oxide 
of  some  metal  such  as  lead,  is  to  inrrense  the  proportion  of  base  in  the  -ili.  ste  mole- 
cule. N\  hen  the  proportion  nf  base  in  increased,  the  solubility  of  the  silicate  i.«  also 
increased  provided  the  base  is  itself  readily  soluble  in  acid.  It  it  not  at  nil  lillllH— IJ . 
therefore,  to  get  all  the  silicic  ncid  in  the  form  of  sodiuiu  silicate  or  of  lead  j«ili- . >' «-. 
by  fusing  with  sodium  carbonate  or  with  lead  oxide,  hut  it  is  millificnt  if  the  si  heme 
is  converted  into  a  silicate  which  is  decomposable  by  acid.  For  thin  reason  the 
fusion  with  sodium  carbonate  or  with  Nad  OGddl  is  often  said  to  open  up  the  silicate. 
It  converts  the  IJHfto  into  the  ortho  i>r  note  tyjie  ™n,l  makes  tho  silicate  decom- 
posable by  acid.  Thus  after  fusing  with  sodium  carbonate,  for  example,  it  will  1* 
found  that  part  of  the  sodium  in  converted  into  water-wluble  sodium  silicate  and 
part  of  it  into  a  double  silicate  which  is  decomposable  by  acid,  A  part  of  the  sodium 
and  n  part  of  the  silicate  can  be  duaolved  out  of  the  fused  mass  by  treatment  with 
hot  water. 

The  tctrullworidc  icit  for  silicic  acid  is  very  sensitive  if  the  reunion  ll  curried  Mil 
in  a  ver>"  small  platinum  orocihlo.  If  such  a  cnicible  is  not  at  hand,  with  a  capmity 
of  say  f>.5  to  1  CC,  it  is  hotter  to  test  by  the  quantitative  method  if  less  than  0.01 
gm.  of  silicic  acid  is  present. 

1 .  Fusion  mth  an  Alkali  Carbonate.  —  This  method  is  commonly  used 
•when  it  is  desired  to  detect  the  presence  of  silicic  acid  and  of  all  the 
bases  except  the  alkalies. 

Mix  the  tinely  powdered  substance  with  4-6  times  as  much  calcined  sodium  car- 
bonnta  (or  a  mixture  of  equal  parts  of  sodium  and  potassium  earbnnnti'- .  which 
melt*  lower  than  sodium  carbonate  tlaM),  and  fuse  the  mixture  in  a  platinum 
crucible,  heating  can-fully  at  first  to  avoid  spattering  from  too  violent  evolution  of 
carbon  dioxide.  Gradually  increase  the  temperature  until  the  full  heat  of  the 
burner  is  reached,  and  continue  fusing  until  the  molten  mass  is  quiet,  und  then  heat 
for  about  a  quarter  of  an  hour  i  .\  <  r  t  In-  blMt  lump.  Moke  a  spiral  by  winding  some 
platinum  win-  ;>i.>un.l  .'■  stirring  rod,  and  innrrt  the  xpirnl  in  the  melt.  Cool  tfat 
crucible  quickly  by  directing  a  blast  of  cold  air  against  its  sides,  and  while  i  In  con- 
tents of  the  crucible  an-  -till  u.nn.  I.ni  nut  hot  enough  to  spatter  badly  on  the 
water,  cover  with  ■  little  water  from  the  wash  bottle.  After  a  few  minutes  Hie 
fauka  can  usually  be  withdrawn  with  the  aid  of  the  platinum  spiral.  Treat  tin- 
product  of  the  fusion  us  described  under  («). 
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2.  Fusion  with  Lend  Oxide  or  Boron  Trioxide. — These  methods  are 
very  rarely  lifted  in  qualitative  analysis,  so  that  it  will  not  be  necessary 
to  describe  them  here.  They  play  a  more  important  part  in  quantita- 
tive analysis  and  will  be  described,  therefore,  in  the  second  volume  of 
this  book. 

3.  Decomposition  by  Hydrofluoric  Acid. — This  method  is  used  princi- 
pally when  a  silicate  is  to  he  examined  for  alkalies,  titanic  acid  or 
barium. 

Treat  the  finely  powdered  silicate  in  n  platinum  dish  with  about  2  ec.  of  pure 
sulfuric  acid  (1  vol.  concentrated  acid  and  2  vols,  of  water}  and  al»ut  5  cc.  of  pure  48 
per  cent  hydrofluoric  acid.  Evaporate  the  mixture  on  the  water-bath,  ritirring  the 
mam  from  time  to  time  with  a  thick  platinum  wire  until  it  no  longer  sineUs  of  hydro- 
fluoric aeid.  Add  5  ce.  more  of  hydrofluoric  acid  and  again  evaporate,  finally  hoftt 
ing  the  ditih  very  carefully  over  I  he  free  flume,  under  a  good  hood,  until  the  greater 
part  of  the  Kiilfunc  acid  in  expelled.  The  maun  .ihnulil  nut  lie  ignited  strongly,  foT 
a  part  of  the  sulfate  may  then  lie  changed  to  an  oxide  insoluble  in  water.  The  sul- 
fates of  iron  and  aluminium,  for  example,  arc  decomposed  on  ignition.  After  cooling, 
treat  ihu  mass  with  witter,  mid  timidly  event liing  will  gradually  go  into  solution. 
If  h  residue  remains,  teat  it  for  barium  sulfate,  titanic  acid  and  tinstone.  The  so- 
lution can  be  used  for  the  alkali  testa,  or  for  the  testa  for  the  other  metabt,  if  it  w 
desired. 

Reactions  in   the  Dry   Way 

If  silicic  acid  or  a  silicate  is  heated  in  the  salt  of  phosphorus  bead, 
the  metallic  oxide  will  disaolve,  while  the  silicic  acid  itself  will  be  left 
as  a  white  gelatinous  mass,  suspended  in  the  bead  (skeleton  bead). 
This  reaction,  however,  is  not  infallible,  for  certain  silicates  of  the 
zeolite  group  dissolve  in  the  bead  without  the  formation  of  the  skeleton. 


Silicon,  Si.    At.  Wt.  28.3 

Silicon  exists  in  two  modification-,  mn-  of  win.  h  is  crystalline,  while  the  other  is 

i  mi  >i  plious.     Amorphous  silicon  is  a  dark-brown  powder,  which  can  be  oxidised  by 

healing  in  the  air.    The  crystalline  modification  remains  unchanged  on  ignition 

in  pure  air  or  in  oxygen,  but  if  the  air  contains  carbon  dioxide,  it  is  oxidized  to  silicon 

dioxide  with  deposition  of  carbon: 

CO,  +  Si  =  SiO,  +  C. 

Crystallized  silicon  is  not  attacked  by  any  acid,  but  is  readily  dissolved  by  boil- 

iiik  v.itli  concentrated  caustic  alkuli  with  cvolutio hydrogen: 

Si  +  9  OH"  +  H.O  —ODT-  +  2  H,  T  • 

Silicon  unites  with  many   metals,  formiiiK  silicides.     The  silicides  of  the  light 
metals,  magnesium,  calcium,  etc.,  arc  decomposed  by  ihlutc  hydroehlorie  acid  with 
the  formation  of  *pontaneously-comhu*tible  silicon  hydride: 
Mg,Ki  -f  I  EH"-* 2  Mg++  +  H,.Si  f 

The  hydride  nf  silicon  is  not  sismtaneotutly  ooxnbustlblfl  when  pure,  only  when 
it  is  contaminated  with  hydrogen,  a*  h  invariably  the  cam. 

In  order  to  detect  the  presence  of  silicon  in  eueh  |  OQOOpOOQdi  treat  it  with  nitric 

arid     ivlueli  oxidize?);  Ilic  greater  part  of  I  he  ,-iiieon   to  Kilirir  :ieid. 

Detection  of  Silicon  in  Iron  and  Steel 

If  it  is  a  question  of  detecting  the  presence  of  silicon  in  the  different  kinds  of  ferrous 
alloys  (stool,  cast  iron,  etc.),  take  a  large  quantity  of  material,  for  the  amount  of  iron 
silicidc  present  is  usually  very  small,  rime  ,'i  or  in  nm-  "f  '  he  material  iN-t  in  the 
for I  Korinp]  in  i  lugs  beaker  and  Iratl  unh  M  so,  of  '•  normal  nitiia  Hid     a 

vioti'tit  reaction  at  oner  take-  plaee  with  evolution  of  brown  nitrous  fumes  As 
soon  as  this  action  lessens,  heat  the  solution  to  boiling,  ami  continue  heating  until 
no  more  brown  fumes  nre  given  off.  Pour  the  solution  into  n  200-ec.  enwrole 
and  evaporate  as  fur  as  jiossible  upon  the  wnter-bnth.  Henl  the  residua  carefully 
over  a  free  flame  tint  il  it  i»  perfectly  dry  nnd  then  ignite  the  mass  until  the  nitrate  is 
completely  changed  to  oxide,  when  no  mure  brown  fumes  will  In-  r  vi.lv>  ci  After 
cooling,  dissolve  the  mass  in  about  50  eo.  of  eoneentrated  hydroehlorie  acid,  heat 
with  constant  stirring  almost  to  boOfag  evaporate  nearly  to  dryness,  take  up  in 
water,  filter,  and  test  the  residue  for  silicic  acid,  by  seeing  whether  it  is  volatile  with 
sulfuric  and  hydrofluoric  acids. 

In  the  analysis  of  cast  iron,  the  silicic  acid  obtained  is  contaminated  with  graphite, 
which  ran  be  removed  by  long  ignition  m  :i  platinum  crucible  before  treating  with 
hydrofluoric  and  sulfuric  acids. 

Detection  of  Silicon  in  Carborutuluni  and  Metal  Silicitler 

Other  Filicides)  MSB  BS  carborundum,  SiC,  are  not  decompound  by  nitric  acid; 
they  cau  be  fused  with  caustic  alkali  iu  a  silver  crucible, 

SiC  +  1  KOI  I  -f  2  BU)  =  K-.SiO,  +  K.CO,  +  4  Hi  1 , 
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and  on  acidifying  the  melt,  the  silicic  acid  separatee  out.    During  the  fusion  the 
liberated  hydrogen  takes  fire  and  forma  water  with  the  oxygen  of  the  air. 

Carborundum  in  the  form  of  a  fine  powder  is  also  easily  decomposed  by  fusing 
with  potassium  carbonate.  On  removing  the  cover  of  the  platinum  crucible  the 
blue  flame  of  burning  carbon  monoxide  is  seen: 

3rWX>,  +8iC  -  K£iO,  +  2K.0  +  4CO T . 

The  method  of  fusing  silicides  with  caustic  alkali  is  often  used  for  getting  metallic 
suicides  into  solution.  Many  copper  silicon  alloys  are  scarcely  attacked  by  even 
aqua  regia.  If,  however,  they  are  fused  with  caustic  alkali  in  a  silver  crucible,  potas- 
sium silicate,  metallic  copper,  and  hydrogen  are  formed: 

SiCu. +  20H-  +  H.0  -SiOi —  +  2Cu  +2H,  |. 

By  treating  the  melt  with  water,  the  soluble  potassium  silicate  may  be  separated 
from  the  copper. 


PART  IV.    SYSTEMATIC  ANALYSIS 

The  purpose  of  qualitative  analysis  iB  not  simply  to  find  out  what 
elements  are  contained  in  a  given  substance,  but  the  aim  should 
ulso  be  to  get  u  KO(Ki  j,|,.a  „f  ti„.  relative  amounts  thut  are  present. 
Manganese  chloride,  for  example,  is  made  from  pyrolusite,  and 
almost  always  contains  traces  of  calcium,  magnesium,  nickel,  cobalt, 
and  iron.  If  the  analyst  should  report  thut  "the  analyzed  substance 
consists  of  chlorides  of  calcium,  magnesium,  nickel,  cobalt,  iron,  and 
manganese,"  it  is  evident  that  one  would  get  but  a  poor  idea  of  the 
nature  uf  llie  substance.  The  report,  should  read:  "The  .substance 
examined  was  manganese  chloride,  and  contained  traces  of  calcium, 
magnesium,  etc.,  as  impurities." 

In  order  to  be  able  to  estimate  the  relative  amounts  of  the  differ- 
ent components  of  a  substance,  it  is  necessary  to  start  with  a  known 
amount  (usually  \  to  1  gm.)  and  compare  the  size  of  the  precipitates 
produced.  It  will  bo  impossible  for  the  beginner  to  estimate  the 
amount  of  a  precipitate  obtained,  if  he  has  studied  the  reactions  of 
the  elements  with  unknown  amounts  of  the  different  substances.  If, 
however,  he  has  learned  to  work  with  a  known  amount  of  materinl, 
he  will  soon  be  able  to  judge  from  the  size  of  a  precipitate  the  amount 
of  element    to  which  H   corresponds. 

It  is  a  good  plan  first  to  work  through  the  analysis  of  each  group 
with  a  known  solution  containing  20  rngms.  of  each  element  and  then 
it  is  comparatively  easy  to  determine  approximately  how  much  of  each 
element  is  present  by  the  test  obtained  in  the  analysis  of  any  unknown. 
Thus,  starting  with  1  gin.  of  the  original  substance,  it  is  often  con- 
venient to  designate  a  constituent  as  present  in  snuifl  quantity  when 
apparently  less  than  10  mgms.  is  found,  as  present  in  medium  quantity 
when  from  10  to  50  mgms.  is  found,  and  as  present  in  lnr/ji  quantity 
when  distinctly  more  than  50  mgms.  is  present.  Experience  with  large 
classes  of  students  lias  shown  that  such  judgments  nre  correct  in  nearly 
nine  cases  out  of  ten.  It  should  bo  borne  in  mind,  moreover,  that  for 
estimating  small  quantities  of  substances,  qualitative  tests  are  more 
accurate  than  any  method  of  quantitative  analysis.  Thus  all  colon- 
metric  methods  of  quantitative  analysis  are  really  baaed  on  qualita- 
tive tests.  The  comparison  of  a  test  with  one  obtained  using  a  known 
quantity  of  substance  often  gives  a  more  exact  determination  of  the 
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quantity  present  than  a  mot  hod  Involving  weighing  or  titration. 
is  because  it  is  Mgy  tn  prepare  a  solution  containing  say  1  mgnt. 
p< ■:  ruhic  centimeter  with  M.11  error  of  less  than  5  parts  per  thousand, 
by  dissolving  1000  times  as  much  in  a  liter  and  thoruughly  shaking; 
but  it  is  more  difficult  to  determine  by  direct  weighing  and  with  equal 
accuracy  the  presence  of  only  1  mgm.  ol  nirtinci-,  iiy  (In-  process  of 
diluting  and  taking  an  aliquot  pnrt,  it  is  possible  to  prepare  a  solution 
containing  a  very  small  known  quantity  of  any  soluble  substance. 
For  convenience,  it  in  well  to  have  solutions  ;it  band  Containing  exactly 

in  rngms.  per  oubk  centimeter  of  eaeta  constituent.    By  taking  three 

small  drops  of  such  a  solution,  approximately  1  mgm.  of  the  constituent 
can  Ixi  obtained. 

Every  analysis  should  be  divided  into  three  parts: 
I.    The  preliminary  examination. 
II.    The  examination  far  Uic  rneluls  (cations). 
III.    The  examination  for  the  negative  elements  {anions). 

The  substance  analyzed  may  be 

A.  Solid  and  non-metallic. 

B.  A  metal  or  an  alloy. 

C.  A  solution  (liquid). 

D.  A  gas. 

The  whole  amount  of  the  substance  at  hand  should  never  be  used 
for  the  first  analysis,  but  a  portion  should  always  be  reserved  for 
unforeseen  accidents.  The  portion  taken  for  analysis  should  be  divided 
into  two  parte  after  the  preliminary  examination,  the  first  part  being 
used  for  the  testa  for  the  basic  constituents  and  the  other  part  for  the 
tests  for  the  acidic  constituents. 

Before  beginning  an  analysis,  the  substance  should  l>r  carefully 
examined  with  the  naked  eye  and  with  the  microscope,  and  the  results 
noted.  Oftentimes  the  odor,  color,  and  crystalline  form  suffice  to 
give  important  clues  as  to  the  nature  of  the  substance. 

A.    THE  SUBSTANCE  IS  SOLID  AND  NON-METALLIC  * 

I.    Pm-r.iMiNAitv  Examination 

This  should  never  be  omitted,  for  it  often  showB  how  the  suhse- 
qoent  analysii  may  be  considerably  shortened,  and  in  some  cases 
makes  the  further  examination  unnecessary.  It  consists  only  of 
making  the  following  few  simple  tests: 


*  8eo  p.  492  for  K  lad  < " 
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1.  Heating  in  the  Closed  Tube.  —  By  a  closed  tube  is  understood 
a  small  glass  tube  about  10  cm.  long  mid  0.5  cm,  in  diameter  sealdl  ut 
one  end.  Place  a  little  of  the  substance  in  the  tube  so  that  none  of 
it  remains  adhering  to  the  sides,  hold  the  tube  in  a  nearly  horizontal 
position  and  cautiously  heat  in  the  flame,  noting  cure-fully  whether 
any  change  takes  place. 

77n»  Substance   in  Volatile 

(a)  The  substance,  sublimes  completely  without  any  deposition  of 
water;  it  contains  no  non-volatile  substance. 

The  sublimate  is  while.  The  halogen  compounds  of  ammonium,* 
mercuric  and  mercurous  chloride  and  bromide,  mercuric  aminochloride, 
arsenic  trioxide  and  arsenic  pentoxide  may  be  present. 

ArM-nic  pentoxide  melt*  before  Ix-tng  changed  into  tin-  trioxide. 

Tlie  sublimate  is  colored  — 

Gray:  all  oxygen  compounds  of  mercury,  cyanide  of  mercury,  fni- 
iodine,  and  arsenic. 

Mercuric  cymiidc  leaves  a  brown  mnae,  parncyanidc,  which  only  disappears  after 
long-continued  heating. 

Yellow:   arsenic  sulfide,  sulfur,  mercuric  iodide. 

Mercuric  iodide  Ijceomcs  red  immediately  on  being  rublxxl  with  a  gloss  rod. 

Grayish  black:  mercuric  sulfide. 

(b)  The  substance  is  completely  volatile,  luilh  separation  of  water  and 
gaseous  products:  moat  ammonium  compounds  (with  the  exception 
of  those  of  the  halogens)  and  free  oxalic  acid. 

By  very  cautious  heating,  oxalic  acid  may  bo  sublimed;  it  usually  decomposes, 
however,  into  water,  carbon  monoxide,  and  carbon  dioxide. 

Th*  Sululanee  i»  only  Partly   Volatil* 

In  this  case  gases  and  vapors  may  be  evolved: 

Oxygen  from  peroxides,  nitrates,  chlorates,  iodates,  etc. 

Carbon  dioxide  from  carbonates  and  organic  substances;  in  the 
latter  case  it  is  visually  accompanied  with  the  separation  of  carbon 
ami  evolution  of  cmpyrciiriiatic.  combustible  vapors. 

Chlorine  from  chlorides  of  platinum,  gold,  copj>er,  iron,  etc. 

Iodine  from  iodides,  in  the  presence  of  oxidizing  substancea. 

Stdfur  from  many  sulfides  and  thiosulfates. 


*  In  the  case  of  ammonium  salts,  e.g.,  NIhCl,  this  is  not  a  true  sublimation. 
Winn  beafad  NH.CI  given  NH,  and  HCI  gsM-it  which  combine  again  when  chilled. 
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Arsenic  from  arsenites  and  arsenates,  in  the  presence  of  carbon  or 
organic  substances 

Amenites  arc  reduced  without  the  aid  of  rliarcoul : 

10  K*AaO,  =  C  K»AaO.  -f  ft  K.0  +  A*,. 

Water  from  substances  containing  water  of  crystallization,  from  acid 
salts,  organic  substances,  or  from  the  phosphate,  borate,  eliminate, 
vanadate,  and  tungstate  of  ammonium. 

The  water  given  off  ffffflrttmiMfl  in  the  cooler  pari  of  the  tulx:  and 
should  be  tested  with  litmus-paper.  If  it  reacts  alkaline,  it  comes 
from  ammonium  compounds;  if  acid,  it  results  from  easily  decom- 
posable salts  of  the  stronger  acids. 

Many  fluorides  when  heated  with  water  give  off  hydrofluoric  acid, 
which  etches  the  glass. 

If  a  sublimate  is  formed,  make  the  following  experiment: 

Mix  a  little  of  the  substance  with  three  times  as  much  calcined  sodium 
carbonate  and  heat  in  the  closed  tube.  If  ammonium  Halts  are  present, 
the  tunell  of  ammonia  can  he  detected.  Mercury  compounds  give  a 
deposit  of  gray  metal  (cf.  p.  215) ;  arsenic  and  its  oxygen  compounds 
also  usually  yield  the  gr&;  metal  (bul  do  globules))  Aooompumed  by 
a  garlic  odor. 

The  oxygen  coiupouudii  of  weenie  do  not  give  the  metal  whin  heated  with  pure 
sodium  carbonate.  CuiniMNltl  i-odium  carlionate,  however,  w  usually  ron lami- 
nated with  enough  ptfMT  fibre*  to  ruum-  the  reduction. 

2.  Test  the  Substance  in  the  Bead.  —  Make  a  borax  or  sodium 
phosphate  bead  in  the  loop  of  a  very  thin  platinum  wire  (as  described 
on  p.  65),  introduce  it  with  a  little  of  the  sulistunce  into  the  oxidising 
flame,  observe  the  color  of  the  bead  both  when  it  is  hot  and  when  it  is 
cold,  and  then  heat  it  in  the  reducing  flame.  Borax  is  usually  used  for 
this  experiment,  except  when  it  is  desired  to  test,  for  silicic  or  titanic 
acids,  or  when  the  substance  is  white,  in  which  case  salt  of  phosphorus 
is  used.     Only  colored  oxides  are  capable  of  coloring  the  borax  bead 

Some  oxides  are  nvhiced  to  metal,  so  that  the  l>p.id  appears  fcray  in  the  rrdii 
flame  (ace  following  table).    CuSO«  i*  white  when  anhydrous),  but  become*  blue 
immediately  on  the  addition  of  water. 

The  following  substances  impart  a  characteristic  color  to  the  bead: 
iron,  manganese,  nickel,  cobalt,  chromium,  uranium,  copper  (didy- 
mium,  cerium,  vanadium,  titanium,  and  tungsten). 

Since  the  coloration  varies  with  the  temperature  and  with  the 
amount  of  auhst  ance  used,  the  results  to  be  expected,  with  the  neces- 
sary conditions,  are  summarized  in  the  table  on  p.  453.     The  following 
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abbreviations  tire,  used:  h  =  hot;  c  =  cold;  h-c  =  hot  and  cold;  s.s.  = 
slightly  saturated;  sat.  =  saturated. 


Color  ol 

Wrra  llonij. 

With  Salt  or  Pbouuobtts. 

tbtBmd. 

In  ttis  OtidUiuc 
Flam*. 

In  Ihe  Itaducinc 
Flam*. 

Id  thsOxidlsinc 
Flam*. 

In  (he  Raducinc 
Flam*. 

Colorless 

SiO,      (without 
skeleton),    al- 
kaline earths, 
lilt,     Pb,     Bi. 
>l>.    Cd,    Zn, 
Sn,  Ti 

SiOj     (without 
skeleton),    al- 
kaline  earths 
and      earths, 
Mn,    Di,    Co, 
Cu  (•.«.) 

SiO)        (usually 

with  skeleton), 
alkaline  earths 
and         earths 
(sat.     =     tur- 

h.d) 

SiOi  (usually 
with  skeleton), 
alkaline  earths 
and  earthx. 
Mn,  Di,  Ce, 
Cu  (8.8.) 

W.  Mo,  Fe 

(8.S.-C) 

W,  Ti 

Gray 

Ag,  Pb,  Bi,  Sb, 
Cd,  Zn.  Ni 

Ag,   Pd.  Bi,  Sb, 

Cd,  Zn,  Ni 

Vol  low 
(or 

brown) 

!•'<■  (m.s.— h),  Ag 

1.,.  (.',.  :|,     r 

ihi.     V     ft— 

|.    Ni    (e) 

(brown) 

Ti   (h),  W  (h) 
V  fhl.  Mo  (h) 

F«  (s.s.— h),  Ag 
(h),  Fe  (sat.— 
c),    Ce    ft),   V 
(h),  U  ft),  NI 
(c)   (browi,) 

Fe  ft),  Ti  ft) 

Green 

Or  (c),  Cu  (h) 

Fo  (h— c),  Or, 
Cr.  V  (h) 

Cr  (c),  Cu  (h). 
Mo       ft),       u 

(c— «at.) 

Cr  (c).  U  (e), 
V  (o)i  Mo(o) 

Blue 

Co  (h— c), 

Cu(c) 

Co  (h-ej 

Co  (h-*), 
Cu(c) 

Co  (h-c).  W  (e) 

Violet 

Mn  (h— c).  Di 
ill  -el.  and  Ni 
(with  cobalt) 

Mi,     ih— c),    Di 
(h-e) 

Ti(c) 

Red 

Fe  (h— «at.) 
Ceft) 

Cu  («at.). 
opaque;  when 
very    aliRliih 
saturated  and 

wil.ll  .1  U;ici    ,.i 

Sn,    ruby    red 
and    transpar- 
ent. 

It  fh— sat.) 
Ceft) 

Cu  as  in  the 
borax  bead; 
Ti  and  W  in 
the  presence 
of  iron  -  blood 
red 

3.  Heat  a  Little  of  the  Substance  upon  Charcoal  before  the  Blow- 
pipe; if  deflagration  takes  place  a  nitrate,  nitrite,  chlorate,  iodate, 
etc.,  may  be  present. 

4.  Heat  the  Substance  with  Soda  upon  Charcoal  before  the  Blow- 
pipe. —  Mix  aa  much  of  the  substance  aa  can  be  taken  up  on  the  end 
of  a  knife-blade  with  twice  as  much  sodium  carbonate  (as  described 
on  p.  69),  place  it  in  a  cavity  on  a  piece  of  charcoal  and  heat  in  the 
reducing  flame  of  the  blowpipe. 
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There  is  obtained : 


(a)  Metal  without  incrustation. 


(6)  Metal  with  incnurtation  . . . 


A.-  malleable  button:  Au,  Ag,  Sn,  Co,  which  can 
be  pressed  flat  in  an  agate  mortar. 

As  gray  metallic  particle*:  Pt,  Fe,  Ni,  and  Co. 
Pt  may  '*•  pressed  flat  in  an  Hgnte  mortar;  P«, 
Hi,  ami  Co  are  tnzignfti<-  ami  art'  attracted  by  a 
magnet  (cf.  p.  67). 

An  ii  brittle  metallic  button:  Sb  (white  incrusta- 
tion), Bl  (yellow  incrustation).  The  button 
may  be  reduced  to  a  powder  by  grinding  in  an 
ugat«  mortar. 

As  a  malleable  billion:    Pb   (yellow  incrustation). 

(White,  yellow  when  hot:  Zn. 
Brown:  Cd. 
White:  As  (garlic  odor). 

(./I   White,    infusible,    strongly  I  „     _     .,      .,        .  ., 

.       !                                      J  <  Ca,  Sr,  Mg,  AJ,  and  run'  carl  lis. 
luminous  mass [  " 

(e)   Sulfur  mmpi mtuis  arc  reduced  to  sulfides.     If  the  melt,  is  placed  on  a  bright 
silver  coin  and  moistened  with  water,  the  silver  is  blackened  <llcpar  reaction). 

5.  Test  the  Substance  to  See  whether  it  Imparts  Any  Color  to  the 
Non-luminous  Flame.  —  Introduce  a  little  of  the  substance  on  a  plati- 
num wire  into  the  base  of  the  flame  (ef.  p.  63),  and  then  into  the 
taabg  zone.  Afterwards  moisten  it  with  dilute  hydrochloric  acid 
and  repeat  the  experiment.  The  following  indications  may  be  ob- 
tained: 

Sodium  gives  a  yellow  monochromatic  flame;  a  piece  of  sealing- 
wax  or  a  crystal  of  potassium  dichrornate  appears  yellow  when  illumi- 
nate! by  this  flume. 

Potassium  (cesium  and  rubidium)  gives  a  violet  flame  which  is 
completely  obliterated  by  the  sodium  flame.  If  the  flame  is  observed 
through  cobalt  glass,  tin-  sodium  flame  disappears  and  the  imtassium 
flame  appears  pink. 

Lithium  gives  a  carmine-red  flame  (or  a  red  line  in  flu-  s|Mrtro- 

HCOpc). 

Strontium  also  gives  a  enriniiuvred  BUM  (which  the  spir 
shows  to  consist  of  several  lines  in  the  orange,  and  a  bright  line  in  the 
blue). 

Calcium  gives  a  brick-red  flame  (in  the  spectroscope  an  orange  and 
a  green  line  arc  seen,  both  about  an  equal  distance  away  from  the 
sodium  line). 

Barium  Rives  a  greenish-yellow  flame. 

In  the  case  of  barium  sulfate  the  green  flame  is  either  indistinct 
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or  not  visible.  In  order  to  detect  barium  in  this  case,  heat  a  small 
portion  of  the  substance  in  the  upper  reducing  flame,  cool,  moisten 
with  hydrochloric  acid  (odor  of  hydrogen  sulfide)  and  again  heat, 
when  the  barium  flame  can  be  easily  seen. 

Thallium  Rives  an  emerald-green  flame. 

If  a  green  flame  is  obtained,  test  another  portion  of  the  substance 
for  boric  acid,  by  treating  with  concentrated  sulfuric  acid  ami  bringing 
near  the  flame.  A  green  color  indicates  the  presence  of  boric  acid, 
but  if  copper  is  present  this  test  is  not  reliable. 

By  hutting  (be  solid  substance  with  potassium  itliyl  Milfnte  in  o  teat-tubc,  boric 
ncid  is  converted  into  B(OCill»)<,  which  i«  vi.hitiK-  and  burns  with  a  green  flame. 
i.  "<ij >|mt  clihiriilc  "Iocs  not  interfere  with  thin  t«lt. 

Lead,  Arsenic,  Antimony  color  the  flame  light  blue,  and  copper 
compounds  color  the  flume;  cither  green  or  blue. 

Preliminary  Examination  for  the  Acidic  Constituents 

(Anions) 

1.  Dilute  Sulfuric  Acid  (2-norinal).  —  Treat  about  a  gram  of  the 
substance  in  a  small  test-tube  with  dilute  sulfuric  acid,  and  note 
whether  :i  react  ion  takes  place  in  the  cold  or  not  (evolution  of  a  gas). 

The  following  gases  can  be  recognized: 

HCN  from  cyanides  (odor); 

Itaenric  cyanide  does  not  liberate  1ICN  in  this  test. 

HtS  from  soluble  sulfides  (odor,  and  blackening  of  lead  acetate 
paper); 

NO*  from  nitrites  (brown  fumes); 

SOt  without  separation  of  sulfur  from  sulfites  (odor  of  burning 
sulfur) ; 

SOt  accompanied  by  separation  of  sulfur  from  thiixsulfatcs;  the 
deposited  sulfur  is  yellow,  particularly  after  warming: 

COi  from  carbonates  or  cyanates  (barium  hydroxide  solution  is 
rendered  turbid). 

By  boiling  with  dilute  sulfuric  acid,  soluble  ferro-  and  ferri-eyanide* 
are  decomposed  and  evolve  hydrocyanic  acid;  acetates  set  free  acetic 
acid;  hypochlorites  evolve  chlorine  (which  also  takes  place  in  the 
cold);  while  the  peroxides  of  the  alkalies  and  alkaline  earths  are  de- 
composed with  evolution  of  oxygen. 

Alkali  pr-rnxidrji  aluo  evolve  OBtyp  "  when  treated  with  witter.     Cf.  p.  88. 

2.  Concentrated  Sulfuric  Acid,  —  If  the  substance  does  not  react 
with  dilute  sulfuric  acid,  add  3  or  4  cc.  of  concentrated  sulfuric  acid 
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and  heat.  If  the  substance  reacted  with  dilute  sulfuric  acid,  it  will 
ri'iii't  violently  with  concent rated  sulfuric  acid  und  the  gas  will  come 
(ill  SO  quickly  that  it  will  carry  small  particles  of  the  sulfuric  acid  with 
it,  which  makes  the  gas  appear  to  have  a  penetrating  odor  and  may 
lead  to  a  mistaken  conclusion,  especially  as  it  will  also  cause  barium 
hydroxide  solution  to  become  turbid. 

In  such  a  case,  add  dilute  sulfuric  acid  drop  by  drop  to  a  new  por- 
tion of  the  substance  until  no  further  action  takes  place,  then  add 
5  B0.  of  concentrated  sulfuric  acid  and  heat  the  mixture. 

Gases  and  vapors  may  be  evolved,  which  are 

(a)   Colorless 

III  I  from  chlorides,  fuming  in  the  air,  with  penetrating  odor. 
The  fumes  do  not  cause  :i  turbidity  with  water. 

AgCl  and  HgCh  cvolw  HC1  very  slowly ;  the  game  is  tnic  of  HggCU,  and  in  ihk 
case  SO,  is  also  set  free.  Cf.  p,  .109. 

SiFt  from  fluorides,  fuming  in  the  air,  with  a  penetrating  odor,  and 
causing  a  turbidity  on  coming  in  contact  with  water. 

SiF,  in  formed  on  account  of  the  experiment  twain  |x>rformo>d  in  gltum.      In  plati- 
.  ml  in  Hie  absence  of  silica,  H>F»  would  be  evolved,  which  does  not  render 
wAtcr  turbid. 

SOi,  vrithoul  separation  of  sulfur.  If  there  was  no  evolution  of 
sulfur  dioxide  on  treatment  of  the  substance  with  dilute  sulfuric  acid, 
the  sulfur  dioxide  winch  now  escapes  must  come  from  the  sulfuric 
and  itself;  u  metal,  sulfur,  a  sulfide,  carbon,  or  non-volatile  organic 
matter,  such  as  tartaric  acid,  citric  acid,  sugar,  starch,  etc .,  must  be 
present.  If  non- volatile  organic  matter  is  present,  carbonization  will 
take  place  un  era  nning. 

80t  unih  reparation  of  sulfur  indicates  the  presence  of  a  sulf<v 
cynnatc,  in  case  there  was  no  action  with  dilute  sulfuric  acid. 

CO  from  oxalates  and  other  organic  substances,  and  cyanates.  It 
is  an  odorless  gas,  which  does  not  fume  in  the  air  and  burns  with  a 
blue  flame. 

(6)   Colored 

Ck,  a  yellow  gas  with  a  suffocating  odor,  turns  iodo-trtarch  paper 
blue,  and  indicates  the  presence  of  both  a  chloride  and  an  oxidizing 
substance. 

ClOs,  a  yellow  gas.  very  similar  to  chlorine,  but  which  explodes 
violently  on  being  heated,  indicates  a  chlorate.  If  the  substance 
deflagrates  on  being  heated  on  charcoal,  only  a  small  portion  of  the 
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substance  should  be  used  for  the  test  with  concentrated  sulfuric  acid; 
hut  if  no  explosion  takes  place  on  warming,  more  of  the  substance 
should  be  added. 

II  Br  from  bromides  has  a  penetrating  odor,  fumes  in  the  air,  and  is 
always  colored  yellowish  brown  by  the  presence  of  small  amount « 
of  bromine.  The  sulfuric  acid  is  at  first  colored  brown  in  the  case 
of  a  colorless  bromide,  but  heroines  colorless  on  being  boiled. 

CrOiClt,  brown  (similar  to  bromine),  results  from  the  presence  of 
a  chloride  and  chromic  acid. 

7j,  violet.  In  the  case  of  a  colorless  iodide,  the  sulfuric  acid  is  at 
first  colored  brown  by  small  amounts  of  iodide,  and  gray,  solid  Iodine 
is  deposited  if  considerable  iodide  is  present,  which  volatilizes  on 
warming,  forming  violet  vaix>ra.  If  considerable  iodide  is  used  for 
this  test,  the  sulfuric  acid  is  reduced  to  S03,  or  even  HjS  (cf.  p.  321). 

Mn/>7.  violet,  is  formed  from  permanganic  acid,  and  is  decomposed 
with  scintillation,  often  exploding,  on  being  warmed. 

AFOj,  brown,  with  a  penetrating  odor,  comes  from  nitrates. 

After  tho  preceding  tests  have  been  made,  the  next  step  is 

Disnolving  the  Substance 

As  solvents  the  following  arc  used: 

1.  Water; 

2.  Hydrochloric  acid; 

3.  Nitric  Mid  ; 

4.  Aqua  rt»t?ia. 

In  most  cases  the  first  three  solvents  suffice,  aqua  regis  beinjj  seldom 
necessary,  as  will  be  seen  from  tin-  following  table; 

Qualitative  analysis  in  bused  Iiuk'-I;,  upon  (hi:  different  soluh3Hia»  of  typical 
ml t.i.  Tba  measurement  of  the  aolubility,  or  quantity  dissolved  by  n  given  volume 
of  solvent,  ho*  occupied  the  attention  of  a  great  many  chemists  and  books  have 
been  written  on  this  subject  :»l<me  All  M0fl  data,  however,  when  brought  together 
And  compared  show  that  numerical  values  for  the  weight  of  solid  dL-wolved  by  ion 
grains  "I  water  ;>re  Icinl  :••  i|>-i<-rri:iiie  jiccijratHy  for  those  very  sufmtances  with 
winch  the  anal',  t  >  ■  mJ  chr-misf  il  concerned,  luiirn  ly  the  taw  soluble  one*. 

There  are  several  ways  of  dctormiinnc.  Hn  -ulul.ilitv  of  a  substance.  One  method 
ia  to  shake  an  excess  of  the  solid  at  &  constant  temperature  until  no  more  of  the 
substance  dissolves.  Another  method  is  to  obtain  a  supersaturated  solution  of 
the  substance  and  allow  it  to  statu!  until  no  more  uf  the  salt  deposit*.  A  third 
method  consist*  in  forming  the  substance  by  metathesis  and  finding  how  much  of 
tin-  constituent.*  must  In-  present   in  order  to  oblnin  prc.-ipit  iti-nri. 

I'niortunately,  every  method  of  inemurennnt  involves  some  unavoidable  error 
and  in  the  case  of  very  insoluble  substance*  this  error  is  sometimes  much  larger 
than  the  actual  quantity  of  substance  dlaWdfWL  For  example,  if  one  were  to  de- 
termine the  solubility  of  silver  quid*  by  taking  a  weighed  quantity  and  finding 
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aulublaii.  «at#r  am)  in  lid,  II  NO,or  »i|ua  racia:   W-A  nr  ■  ->.  «li»hily  art  tin  It  in  »»'«"  bul  ninrt  —bible 
in  icida.  W-I  or  or  i,  iliatitly  aolublt  In  waie»  and  tllahlly  iclublt  in  and*;  A-l  or  a  i.  invlublt  in  »ai*r. 
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3a  ibis  labia.     VI  horn  number*  art  Riven,  the*  lepra*,  in  tbt  cram,  of  aiibalanee  tbal  diaaolve  in  100  co- 
of  aaltr  ai  ttinperaturt  ol  the  laboratory.    Tho  value*,  in  aomt  <•*»,.  era only  eppiuumate. 
*  Haaa-I  on  the  table  in  Frtavniui'  Qualiuiirt  Analy»n        '  subLmorl  Ort.l,  u  Ineolubla  in  wUr. 
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DISSOLVING  THE  SUBSTANCE 

hnw  much  was  left  after  shaking  with  water,  or  by  finding  how  much  suit  was  left 
after  evaporating  the  water  to  drj'ncM,  the  analytical  error  involved  could  amount 
easily  to  0.0010  gram  and  only  ttEiout.  0.0002  gram  of  the  salt  really  dissolves.  When 
we  remember  that  ho  me  of  the  solubility  measurements  were  made  many  years  ago, 
it  in  not  strange  that  there  should  be  disagreement!!  of  this  nature. 

The  difficulties  involved  in  the  measurement  of  the  solubilities  of  crystalline  Bub- 
stand's  arc  bad  enough  but  the  ease  is  much  worse  with  amuriihouii  or  gelatinous 
gilhstani-cs.  When  shaken  with  water  for  some  time,  .my  finely-  livided  substance 
tends  to  form  a  suspension  which  will  pass  through  ordinary  Biter  pupcr  and  gelii- 
iininiH  substances  form  colloidal  solutions.  It  is  almost  impossible  to  draw  tin-  lim 
closely  between  true  solutions,  colloidal  solutions,  and  suspensions.  Errors  in  de- 
termining the  solubility  due  to  the  formation  of  colloidal  solutions  and  suspensions 
may  be  enormous. 

Then:  arc  other  difficulties  involved.  In  actual  analytical  work,  the  chemist 
run-ly  has  time  to  wnit  for  perfect  equilibrium  to  take  place.  In  dissolving  n  sub- 
stance, he  usually  nets  an  under-saturated  solution  and  in  making  precipitations  be 
iiHiiully  guts  o  xupcrsat u rated  solution.  Moreover  many  substances  like  nickel  sul- 
fide, aluminium  hydroxide  and  silicic  acid,  appear  to  be  much  more  insoluble  after 
they  have  stood  in  the  air  a  short  time  than  when  freshly  precipitated  and  although 
aides]  sulfide  is  harder  to  precipitate  than  cine  sulfide,  the  latter  dissolves  more 
readily  in  cold,  dilute  acid. 

Nearly  twenty  years  ago,  the  writer  attempted  to  colled  data  concerning  the 
solubilities  of  the  more  important  fuhstttOCI  Involved  in  the  quulitativi  procedure 
uml  liiiind  mi  much  disjign-ciiH-nl  ill  the  values  obtained  by  skillful  worker"  Hint  the 
tusk  was  abandoned.  So,  in  the  early  editions  of  this  hook,  this  section  was  headed 
"Solubility  Table"  but  there  was  no  attempt  made  to  give  numerical  values  for 
the  solubility  of  any  substance.  Later,  Dr.  Treudwell  introduced  a  table  of  Solu- 
bilities and  Solubility  Products  (cf.  p.  21),  but  left  out  values  for  those  substances 
which  are  of  moat  importance  in  qualitative  analysis.  Some  of  these  values,  how- 
ever, were  supplied  in  the  English  text  and  were  taken  from  the  table*  of  Loiidolt- 
Bornstein.  Allowance  was  not  made  for  t  In  fact  thai  many  «f  these  suits  hydrolyie 
in  very  dilute  solution:  this  also  causes  considerable  error.  In  the  English  text 
there  was  also  inserted  ■  Boiubflfty  Tabic  based  upon  that  given  m 
Fresenius- Welh  ,  because  experience  has  dmwn  the  helpfulness  of  such  atiiM. 

In  the  seventeenth  edition  of  ( '.  It.  Krcsicniti*'  well-known  text,  which  has  been 
revised  and  edited  by  H.  Fresenius,  E.  Ilinti,  T.  W".  Fresenius,  II  Weber,  L.  GrUnhut. 
K.  Fr»ciitiis  and  L.  Fresenius,  data  h  vivin  for  about  IsO  salts  and  most  of  these 
values  arc  shown  in  the  Solubility  Tables  on  page.-  I58j  l-'i!>,  tod  MO,  "f  thin  book. 

This  table,  in  the  Fresenius  book,  is  given  on  the  last  page  of  the  book  and  there 
appears  to  be  no  reference  to  h  m  tin-  t.-xt;    then'  is  also  no  mention  of  BO 
values  were  obtained. 

To  illustrate  how  unreliable  and  how  misleading  such  tables  may  btj  take  the 

villus  pjhreti  tin  the  lolubiiriloi  of  itni .  nunfjinwi    aiaktli  mbuii.  ten  way  IcbsBj 

ilw  r,  lead,  mercury,  copper  and  cadmium  sulfides.  According  to  the  table  m  IbJl 
seventeenth  edition  QJ  Presenilis  (1010),  10O  grams  of  saturated  solution  at  18" 
contain  6.9  X  I0-«  g  ZnS.  4.8  X  10"*  g.  MoS,  3.6  X  lO-'  g.  NiS,  3.8  X  10-*  g. 
OoS,  0.2  X  iOT*  g.  FaS,  4.9  X  10-«g.  Fe,S,,  14  X  10-'  g.  Ag»9,  8.6  X  10~»  g.  Pb8, 
1.26  X  10~*  g.  HgS.  3.4  X  10"»  g.  Cu8.  and  1.3  X  10~*  g.  GdS.  For  those  same 
substances,  the  values  given  in  this  book  are,  3.3  X  10~*  g.  ZnS,  3.3  X  10"»  g. 
Mu-,  7  X  10""  g.  Ni8,  7  X  10" '•  g.  CoS,  3  X  10"  g.  Ptfi.  3  X  10"'  g.  Fe»S,, 
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I  X  H»  lI  R.  AfeS,  4i)  X  10"»  g.  PbS,  4.6  X  lu"»  g.  HgS,  8.8  X  1(T*>  g.  CuS  ud 
8.8  X  10_"  jr.  Odfi.  These  l«Ll«r  values  were  computed,  for  thr.  most  part,  from 
values  given  in  Landolt-Boriisicin  unci  represent  fnirly  well  the  behavior  of  the 
cations  in  question  toward  hydrops  sulfide.  According  to  tin-  I're.icrmi;.  t :ii .1. •, 
silver  milfidc  is  about  ten  times  us  insoluble  a*  mercuric  sulfide  ami  lead  nultird-  i- 
one  hundred  times  &a  insoluble  as  cadmium  sulfide.  According  to  Landolt  and 
Bernstein,  mercury  sulfide  in  about  a  million  times  as  insoluble  a*  copper  sulfide. 

Owing  to  tin-  colloidal  nature  of  each  of  these  sulfide  precipitate,  it  is  extremely 
difficult  to  determine  the  true  solubility  and  the  value*  are  so  small  that  ordi- 
nary methods  of  measurement  will  not  nerve.  When  shaken  with  water,  colloidal 
*..Iutions  of  all  those  euhstanc.ee  can  be  obtained  und  sometimes,  as  in  the  case  of 
copper  sulfide,  a  little  sulfate  is  formed  by  atmospheric  oxidation.  The  data  given 
for  these  solubilities  in  the  German  text  cited,  doubtless  represent  many  hours  of 
careful,  iicoirute  anil  skillful  analytical  work,  but,  in  tin-  eii.-,c  of  the  sulfide  values, 
there  in  evidently  something  wrong  if  one  authority  gives  the  value  1.26  X  10  *  for 
mcrcurie  sulfide  and  another  authority  the  value  I  »>  X  10-w.  The  smaller  value, 
however,  alone  explains  why  mercuric  eulfidc  is  precipitated  from  strongly  acid 
solutions  and  why  it  does  not  dissolve  appreciably  in  concentrated  hydrochloric  acid 
or  in  hot  nitric  iinj. 


STTBSTANCES   SOLUBLE   IN   WATER 

Of  Group  I  (p.  304)  the  following  are  soluble: 

1.  Chlorides.  —  All    except    AgCl,    Cu,Clj,    HgjCl,,    PtCl,,    AuCl, 
BiOCl,  SbOCl.  M&OCl*     PbCU  und  T1C1  are  difficultly  soluble. 

2.  Bromides.  —  The  smm:  as  the  chlorides. 

8.   Iodides. —  All  except  Agl,  HgjI.,  Hgl,,  Cu&,  Pdl1(  TU;   Pbl, 
is  very  difficultly  soluble. 

4.  Cyanides.  —  Only  the  cyanides  of  the  alkalies,  alkaline  earths, 
and  mercury. 

5.  Ferrocyanides.  —  Only  those  of  the  alkalies  and  alkaline  earths. 

6.  Ferricyanides.  —  Same  as  the  ferrocyanides. 

7.  Cobalticyanides.  —  Only  those  of  the  alkalies,  alkaline  earths, 
and  the  ferric,  mercuric,  and  lead  salts. 

8.  Thiocyanates.  —  Those  of  the  alkalies,  alkaline  earths,   iron, 
cupric  copper,  and  mercuric  mercury. 

9.  Hypochlorates.  —  All. 

Of  Group  II  (p.  304)  the  followinc;  are  soluble: 

10.  Nitrites.  —  All.     Silver  nitrite  is  difficultly  soluble. 

11.  Acetates.  —  Silver  and  mercurous  acetates  and  certain  basic 
acetates  are  difficultly  soluble. 

12.  Cyanates. — Those  of  the  alkalies,  alkaline  earths,  and  most 
of  the  remaining  ones.     Silver  and  lead  cyanates  are  insoluble 

13.  Sulfides. — Only  those  of    the    alkalies   and   alkaline   eartlis. 
CaS  is  difficultly  soluble. 

14.  Hypophosphites.  —  All. 
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Of  Group  III  (p.  304)  the  following  are  pointer: 

15.  Sulfites. — Those  of  the;  alkalies,  and  the  bisulfite*  of  the 
alkaline  earths. 

16.  Carbonates.  —  Those  of  the  alkalies,  and  the  bicarbonate*  of 
Ca,  Br,  Ba,  Mg,  Fe,  Mn. 

17.  Oxalates.  —  Those  of  the  alkalies;  the  remainder  are  diffi- 
cultly  soluble  or  insoluble.  Moot  oxalates,  however,  with  the  excep- 
tion of  Ba,  Ca,  and  Sr  oxalates,  form  soluble  complex  salts  with  alkali 
oxalates. 

18.  Iodates.  —  Only  those  of  the  alkalies. 

19.  Borates.  —  Those,  of  the  alkalies.  The  remaining  borates  art- 
all  difficultly  soluble  in  water,  but  soluble  in  ammonium  chloride  as  a 
rule. 

20.  Molybdates.  —  Only  those  of  the  alkalies. 

21.  Selenites.  —  Those  of  the  alkalies  are  readily  soluble,  the  re- 
maining ones  are  difficultly  soluble. 

22.  Selenates.  —  All  except  the  barium  and  l>:i.l  hRi. 

23.  Tellurites.  —  Only  those  of  the  alkalies. 

24.  Tellurates.  —  Only  those  of  the  alkalies. 

2.r>.  Tartrates.  — The  normal  tartrates  of  the  alkalies,  and  lithium 
and  sodium  bitartrates.  The  remaining  tartrates  are  insoluble  in 
water,  but  are  usually  soluble  in  an  excess  of  alkali  tartrate  solution, 
forming  complex  salts. 

26.  Citrates.  —  Only  those  of  the  alkalies  arc  readily  soluble  in 
water.  The  insoluble  citrates  usually  dissolve  in  an  excess  of  alkali 
citrate  solution. 

27.  Pyrophosphates.  —  Only  those  of  the  alkalies. 

28.  Metaphosphates.  —  Only  those  of  the  alkalies. 

Of  Croup  IV  (p.  304)  the  following  are  soluble: 

29.  Phosphates.  —  Only  those  of  the  alkalies. 

30.  Arsenites.  —  Only  those  of  the  alkalis. 

31.  Arsenates.  —  Only  those  of  the  alkalies. 

32.  Tbiosulfates.  —  Almost  all  are  soluble,  though  the  silver  and 
barium  salts  arc  difficultly  soluble. 

33.  Chromates.  —  Those  of  the  alkalies,  Ca,  Sr,  Mg,  Zn,  Mn,  Fe, 
and  Cu  are  soluble,  the  others  are  difficultly  soluble  or  insoluble. 

34.  Vanadates.  —  The  ort ho  vanadates  are  unstable;  the  pyro-, 
meta-,  and  polyvanadates  are  soluble  in  water,  aa  a  rule.  The  lead  and 
mercurous  salts  are  insoluble,  also  the  vanadates  of  the  iron  group. 

35.  Periodates.  —  All  more  or  leas  soluble  in  water,  MBMpI  ilvcr 
periodate,  which  is  insoluble. 
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Of  Group  V  (p.  305),  the  following  art-  solubi<- 
3G.    Nitrates.  —  AH  except  a  few  basic  salts. 

37.  Chlorates.  —  All. 

38.  Perchlorates.  -  All. 

39.  Manganates  and  Permanganates.  —  All. 

Of  Group  VI  (p.  305),  the  following  are  soluble: 

40.  Sulfates.  —  All  except  the  Ca,  Ba,  Sr,  and  Pb  salts,  and  a  few 
basic  sulfates. 

41.  Fluorides.  — Thoeo  of  the  alkalies,  silver,  and  mercury;  the 
remaining  fluorides  are  difficultly  soluble  or  insoluble  in  water. 

Of  Group  VII  (p.  305),  the  following  are  soluble: 

42.  Silicates.  —  Only  those  of  the  alkalies. 
48.  Tungstates.  —  Only  those  of  the  alkalies. 

Of  the  salts  insoluble  in  water,  all  dissolve  in  acid  (hydrochloric  or 
nitric)  except  AgCl,  AgBr,  Agl,  AgCN,  AuCl,  Pt.Cl,,  BaSO,,  SrSO,, 
PbS04,  HgS,  Prussian  blue,  CaF»,  BnSi  (mosaic  gold),  SiOt,  many 
silicates,  fused  PbCrO,,  and  the  strongly  ignited  oxides:  AljO,,  CriO!, 
Tit).,  SnOj,  SbjO,.»  TiOt,  BnQfe  and  SbjOi  can  be  dissolved  by  long 
continued  boiling  with  concentrated  hydrochloric  acid, 

Of  the  salts  insoluble  in  acids,  the  following  dissolve  in  aqua  regies 
PtClj,  AuCl,  HgS,  Sb»0»,  SnS,,  and  Prussian  blue  (after  long  treat- 
ment). 

The  following  substances  are  not  dissolved  by  aqua  regia:  AgCl, 
AgBr,  Agl,  AgCN,  BaSO,,  SrSO«,  PbSO*.  CaK,,t  fused  PbCrO,, 
AljOj,  CrjOj,  native  TiO»  (rutile,  anatase,  brookite),  native  SnO» 
(cassiterite,  tinstone),  SiOj,  Si,  many  silicates,  C,  carborundum,  and 
strongly  ignited  iridium  (rhodium,  ruthenium,  and  osmium). 

In  order  to  bring  such  substance!  in  solution  it  is  necessary  to  sub- 
ject them  to  a  special  treatment.  The  process  to  be  chosen  depends 
largely  upon  the  nature  of  the  insoluble  substance,  so  that  a  few  general 
tests  are  necessary  before  going  farther.  Very  often  the  preliminary 
examination  will  have  been  sufficient,  but  it  is  always  well  to  perforin 
the  following  simple  experiments: 

1.  Heat  a  small  portion  of  the  residue  insoluble  in  acids  on  the 
charcoal  stick  to  sec  whether  a  metallic  button  can  be  produced. 

(a)  No  metallic  button  is  produced.  The  absence  of  silver,  lead, 
and  tin  is  thereby  assured. 


•  The  oxides  of  antimony  are  changed  U)  Sb,0»  after  long  ignition  in  tlie 
t  CtMUO  BnoridS  will  tie  iliiuolvrd  hy  the  lung-coulinucd  action  of  aqua 
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(6)  A  metallic  button  is  formed.  The  button  is  flattened  in  on 
agate  mortar,  and  its  solubility  in  acids  is  tested. 

(a)  The  metal  dissolves  in  nitric  acid  forming  a  clear  solution, 
showing  the  absence  of  tin.  Add  a  little  hydrochloric  acid  to  the  nitric 
acid  solution;  a  curdy  precipitate  is  formed  if  the  metal  is  silver,  con- 
sist ing  of  silver  chloride,  insoluble  in  water,  but  soluble  in  ammonia. 

If  the  nitric  acid  solution  becomes  turbid  on  the  addition  of  sul- 
furic acid,  lead  is  present. 

(0)  The  metal  does  not  dissolve  in  nitric  acid  forming  a  clear  solu- 
tion, but  leaves  a  white,  insoluble  powder:  metastannic  acid.  Treat 
a  new  button  with  concentrated  hydrochloric  acid,  when  it  will  dis- 
solve completely  if  silver  is  absent.  Mercuric  chloride  produces  a 
white  precipitate  of  mercuroua  chloride  in  the  hydrochloric  acid  solu- 
tion: tin  is  present. 

2.  Heat  a  second  portion  of  the  insoluble  residue  in  a  small  test- 
tube  with  concentrated  sulfuric  acid  and  test  to  see  whether  the  escap- 
ing gas  renders  a  drop  of  water  turbid. 

A  turbidity  shows  the  presence  of  an  insoluble  fluoride  (CaFi). 

3.  Heat  another  portion  of  the  residue  (with  the  help  of  a  platinum 
wire)  in  the  upper  reducing  flame  of  the  gas-burner,  allow  to  cool  in 
the  inner  mantle,  moisten  with  dilute  hydrochloric  acid,  and  notice 
whether  the  odor  of  hydrogen  sulfide  can  be  detected.  Then  test 
to  see  whether  it  will  now  impart  a  characteristic  coloration  to  tin? 
flame.  The  presence  of  a  sulfate  in  betrayed  by  the  ml  or  of  hydro- 
gen sulfide,  and  the  flame  teat  shows  whether  barium  alone  or  a  mix 
ture  of  barium,  calcium,  and  strontium  is  present. 

4.  Test  another  portion  of  the  residue  in  the  salt  of  phosphorus 
bead;  silicic  acid  or  a  silicate  usually  gives  a  skeleton  bead  (of,  p. 
446). 

As  the  skeleton  l>ead  is  not  always  obtained  even  when  silica  is 
present,  a  further  test  for  silicic  acid  is  often  necessary  {cf.  p.  445). 

5.  Now  heat  the  salt  of  phosphorus  bead  in  the  reducing  flame  to 
test  for  the  presence  of  titanium,  which  causes  the  bead  to  become 
violet.  The  violet  color  appears  more  quickly  on  the  addition  of  a 
little  piece  of  tin-foil.  If  iron  is  present  at  the  same  tune,  as  is  always 
true  in  the  case  of  rutile,  the  toad  is  colored  brownish  red  in  the  reduc- 
ing flame. 

6.  The  presence  of  chromium  is  often  detected  by  the  green  color 
of  the  residue.  In  the  case  of  rhromite  (gray  or  black  residue)  fuse 
some  of  the  substance  with  sodium  carbonate  and  potassium  nitrate  in 
the  loop  of  u  platinum  wire  (cf.  p.  141)),  when  a  yellow  melt  is  obtained 
if  chromium  is  present,  which  (after  being  dissolved  in  water  and 
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acidified  with  acetic  acid)  yields,  with  silver  nitrate,  a  reddish-brown 
precipitate  of  silver  chromate. 

7.  If  the  residue  is  gray  or  black,  it  may  also  consist  of  carbon. 
Heat  a  small  portion  upon  a  piece  of  platinum-foil ;  if  carbon  is  present, 
the  mass  will  glow  and,  if  it  docs  not  burn  completely,  a  lighter-colored 
ash  will  be  obtained.  In  doubtful  cases  melt  a  little  potassium  chlo- 
rate in  a  test-tube,  and  add  a  little  of  the  insoluble  residue;  a  dis- 
tinct glowing  or  a  little  explosion  will  take  place  if  carbon  in  present. 
It  is  necessary  to  avoid  the  addition  of  shreds  of  filter-paper  in  this 
test. 

8.  Silicon  and  Silicides  (carborundum,  etc.)  are  seldom  met  with, 
and  show  the  greatest  stability  toward  the  above-mentioned  reagents. 
By  fusing  with  caustic  alkali  in  a  silver  crucible,  however,  they  are 
readily  decomjwsed  with  evolution  of  hydrogen  (cf.  p.  447). 

After  dissolving  the  melt  in  water  and  acidifying,  gelatinous  silicic 
acid  separates  out,  particularly  after  evaporation. 


Methods  for  Getting  Substances  into  Solution  which  are 
Insoluble  in  All  Acids 

1.  Insoluble  Halogen  Compounds  (the  silver  compounds  alone 
come  into  consideration)  can  b©  brought  into  solution  by  melting 
the  mass,  adding  a  little  dilute  sulfuric  acid  and  a  piece  of  sine  so 
that  it  comes  in  contact  with  both  the  acid  and  the  insoluble  sub- 
stance.  After  a  while  pour  off  the  acid;  it  contains  the  halogen 
acid  in  the  pj'esence  of  zinc  sulfate,  and  should  be  kept  for  the  sub- 
sequent tests  for  acids,  cf.  p.  326.  The  residue  consists  of  metallic 
silver.  Wash  it  with  water,  dissolve  in  dilute  nitric  acid,  filter  and 
test  the  solution  for  silver  with  hydrochloric  acid. 

2.  Insoluble  Sulfates  of  the  Alkaline  Earths  are  brought  into  solu- 
tion by  fusing  in  a  platinum  crucible  with  four  to  five  times  as  much 
calcined  sodium  carbonate,  or  with  a  mixture  of  equal  parts  of  sodium 
and  potassium  carbonates.  Mix  the  finely  powdered  substance  in 
the  crucible  with  the  sodium  carbonate,  cover  the  mixture  with  a 
thin  layer  of  more  carbonate,  place  the  lid  on  the  crucible  and  heat 
at  first  gently  over  a  small  flame  in  order  to  drive  off  the  moisture 
which  the  carbonate  always  contains,  and  then  raise  the  temperature 
until  the  mass  fuses  to  a  thin  liquid;  maintain  this  temperature  for 
about  fifteen  minutes.  Remove  the  fused  mass  from  the  crucible 
an  direrted  on  p.  445.  Heat  with  a  little  water  on  the  water  bath 
until  the  fused  mass  disintegrates,  and  no  more  bard  lumps  can  be 
felt  with  a  glass  rod.  I  hen  tilter.     The  filtrate  will  contain  the  sulfate 
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as  sodium  sulfate,  and  the  residue  will  consist  of  carbonates  of  the 
alkaline  earths.  Wash  it  with  a  5  per  cent  sodium  carbonate  solution 
until  no  more  sulfuric  acid  can  be  detected  in  the  filtrate,  and  then 
wash  with  hot  water  until  the  wash-water  no  longer  reacts  alkaline 
(cf.  p.  116).  Dissolve  the  residue  in  acid,  and  analyze  as  described 
on  p.  118.  120  or  122. 

Although  it  would  Dike,  raiteated  treatment*  to  effect  the  complete  drcomposi- 
tion  of  even  n  relatively  small  <|uu»tity  of  htiriuiu  sulfate,  miy  sulfate  can  lie  de- 
composed sufficiently  to  obtain  qualitative  tests  for  cation  and  ion  by  merely  boiling 
the  finely-powdered  substance  with  3-normnl  sodium  carbonate  solution.  Thus 
IkmIiiik  1  g.  of  powdered  barium  sulfate  with  25  cc.  of  3-normal  sodium  carbonate 
nerves  to  convert  about  Si)  per  cent  of  the  insoluble  sulfate  into  insoluble  carbonate 
nuid  wntcr-soluble  sulfate: 

BtSO.  +  N«,CO,  —  BaCO,  +  Nn»SO,. 

After  washing  thoroughly  to  remove  the  sulfate,  about  SO  per  cent  of  the  residue 
will  dissolve  in  dilute  ucid,  The  decomposition  of  the  sulfate*  of  lend,  calcium,  and 
strontium  i.uIku  bismuth)  is  practically  complete  by  this  treatment. 

3.  Lead  Sulfate  may  be  boiled  with  a  concentrated  sodium  car- 
bonate solution,  which  forms  insoluble  basic  lead  carbonate  and 
soluble  sodium  sulfate;  with  caustic  soda,  which  forms  soluble  lead 
plumbite  and  sodium  sulfate;  or  with  ammonium  acetate  (cf.  p. 
222). 

4.  Silicic  Acid  and  Silicates  should  be  fused  with  sodium  carbon- 
ate, exactly  as  descritHul  un  p.  445,  or  treated  with  sulfuric  and  hydro- 
fluoric aeids  as  described  on  page  446. 

5.  Metastannic  Acid,  as  obtained  by  the  oxidation  of  tin  with 
nitric  acid,  is  readily  dissolved  by  boiling  with  a  little  concentrated 
hydrochloric  acid,  and  then  treating  with  considerable  cold  water 
(cf.  p.  273). 

Tin  dioxide,  as  it  occurs  in  nature  (tinstone),  as  well  as  the  strongly 
ignited  metastannic  acid,  cannot  be  brought  into  solution  in  this  way. 
One  of  the  mil  hods  mentioned  on  p.  277  (usually  the  sodium  carbo- 
nate and  sulfur  method)  must  be  used. 

G.  Insoluble  Fluorides  are  first  heated  with  concentrated  sulfuric 
urid  in  platinum  and  any  alkaline  earth  sulfate  funned  i.s  brought  intn 
solution  by  the  method  dMOribed  under  2. 

7.  Titanium  Dioxide  is  fused  with  potassium  pyrosulfate  in  a 
platinum  crucible  (of.  pp.  138  and  165);  or  it  is  fused  with  sodium 
carbonate,  the  melt  treated  with  cold  water,  and  the  residue  dissolved 
in  hydrochloric  acid  (cf.  p.  1C6).  Heating  for  some  time  with  con- 
centrated sulfuric  acid  will  dissolve  pan  titanium  dioxide.  When 
cold  the  solution  may  be  diluted. 


468 


SYSTEMATIC  ANALYSIS 


Fusion  with  potassium  pymsulfate  is  also  suitable  for  decomposing 
native!  aluminium  oxide  (corundum). 

8.  Chromium  Trioxide  and  Chromitc  arc  fused  with  sodium  car- 
bonate and  a  little  potassium  nitrate  in  a  platinum  rmciUr  or  with 
sodium  peroxide  in  a  nickel  or  iron  crucible  (cf.  p.  142). 

9.  The  Insoluble  Complex  Cyanides  are  completely  decomposed 
by  boiling  with  caustic  soda  in  a  porcelain  dish. 

After   boiling   wild    tin-   ulkali,   dilute   with   water  and   filter.     The   filtrate   will 
contain  tin.*  acid  in  the  form  of  iU  sodium  nalt;  and,  in  some  cb»vb,  may  also  contain 
aluminium  and  tine.     Saturate  the  filtrate  with  carbon  dioxide,  boil  and  fib 
liny  precipitate  (Al(OH)i  or  ZnCOi);   disaolve  tin-  pMi  ipitute  in  hydrochloric  acid 
and  test  for  line  and  ciliiiiiintiitii.     Acidify  the  alkaline  filtrate  obtained  tlxrft 
liyilriii'hliirir  iieiil  ami  test  for  frrrooyaiiic  and  ferricyanie  ucidn  according  to  pp.  338 

and  AH. 

The  soluble  complex  cyanide*  an-  decompowKl  before  tin-  imiilygu  by  heating 
tli'iii  Willi  ■■niif-..  ■  .ilfuric  acid  (cf.  p.  161). 

ItBACTIONS   THAT   ACCOMPANY    THK    DISSOLVING     VROCWM 

When  a  substance  is  dissolved,  whether  in  water  or  in  acids,  phe- 

noinciui  arc  oft. bserved    which  may  he  of  great  imporlun. 

concerns  the  subsequent  analysis.  Moreover,  the  color,  reaction  of 
the  solution  towards  indicators,  or  the  evolution  of  gases  will  lead  to 
important  conclusions.  First,  test  the  substance-  witli  regard  to  its 
gullibility  in  water,  by  taking  about  0.5  gin.  of  the  fine  powder,  adding 
a  little  cold  water,  and  noting  whether  any  bubbles  of  gas  are  given  off. 

A  gas  is  evolved  when  there  are  prescut : 

(a)  Peroxides  of  the  Alkalies  or  Alkaline  Earths,  which  are  partly 
decomposed  into  hydroxide  and  oxygen: 

2  Na,0,  +  2  H.O  =  4  NaOH  4-  O,  |  ; 
2  BaO,  -r-  2  HaO  =  2  Ba(OH)a  +  0,  T  . 

Barium  peroxide  is  decomposed  in  this  way  only  by  heating  the 
water. 

Test  the  escaping  gas  for  oxygen  by  means  of  a  glowing  splinter. 

In  the  alkaline  solution  (red  litmus  is  changed  to  blue)  some  unde- 
composed  peroxide  will  still  be  found. 

Dilute  tin-  volution  -nub  coumiIi  r  i!li  water,  cool,  au<l  carefully  acidify  with 
-ulfiirieaeid,  add  a  Bttlt  Sthv,  Home  potawium  diehromate  loblUon,  and  shake  the 
mixture.  If  a  peroxide  i*  pn-nent.  the  Upper  Other  layer  will  now  be  col 
A  bettor  method  for  detecting  the  hydiafU  peroxide  formed  by  the  action  of  the 
sulfuric  Acid  upon  the  peroxide.  rnnxutK  in  adding  n  few  drop*  of  titanium  rolfatc 
solution;  a  ■  i i >- 1 n . < ■  r  \.-ll,.iv  color  will  Ik?  noticed  if  only  trace*  of  hydrogen  peroxide 
are  present  (cf.  pp.  88  and  168). 
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(b)  Carbides  of  the  Alkaline  Earths  (calcium  carbide). 

These  are  decomposed  into  acetylene  (which  has  a  peculiar  odor, 
and  burns  with  a  luminous  flame)  and  calcium  hydroxide: 

CaC  +  2  H20  =  Ca(OH),  +  C,H,  t  . 

(c)  Nitrides  of  the  Alkaline  Earths  (magnesium  nitride). 
Magnesium  nitride  is  decomposed  by  water  into  magnesium  hydrox- 
ide and  ammonia: 

Mg,N,  +  6  HOH  =  3  Mg(OH),  +  2  NH,  }  . 

If  considerable  water  is  added,  there  is  no  gas  evolution,  because 
the  ammonia  will  be  dissolved  by  the  water;  but  on  boiling  the  solu- 
tion, ammonia  will  Ix?  given  off,  which  can  be  readily  recognised  by 
its  odor. 

(d)  Phosphides  of  the  Alkalies  and  Alkaline  Earths.  —  These  are 
decomposed  by  water,  setting  free  spontaneously  combuatihle  phos- 
phine: 

Ca»P,  -f  4  H,0  =  P,H,  |  +  2  Ca(OH),. 

Very  small  quantities  of  the  phosphide  can  be  recognized  by  the 
characteristic  garlic  odor. 

('■)  Many  Chlorides,  Bromides,  and  Iodides  of  the  Negative  Ele- 
ments, e.g.,  PCli,  PClj,  etc.,  are  decomposed  into  the  halogen  hydride 
and  the  oxygen  acid  of  the  negative  element: 

PC1B  +  4  H»0  =  5  HC1  +  H3PO4. 

(/)  A  Few  Sulfides  which  axe  Seldom  Encountered  (MgS,  AljS,, 
etc.).  — These  are  decomposed  by  water  with  loss  of  hydrogen  sulfide, 
which  can  be  detected  by  its  odor,  and  by  its  blackening  lead  acetate 
paper: 

MgS  -f  2  H,0  =  Mg(OH),  +  H,S  |  . 

After  any  reaction  caused  by  the  tirst  addition  of  water  is  over, 
add  about  10  to  15  cc.  more,  heat  the  water  to  boiling  and  then  allow 
it  to  cool. 

If  the  substance  dissolves  completely,  forming  ;i  clear  solution,  it  is 
evident  that  it  is  unnecessary  to  test  for  any  insoluble  substances  in 
the  subsequent  analysis. 

If  a  residue  remains,  it  is  possible  that  a  part  of  the  substance 
has  dissolved  in  the  water.  To  determine  whether  this  is  the  case, 
decant  the  liquid  through  a  filter  and  carefully  evaporate  a  little  of 
the  filtrate  to  dryness  on  platinum-foil  (or  n  watch-glass).  If  the  foil 
is  heated  too  hot,  volatile  compounds  may  escape  unnoticed.  If  a 
residue  remains  nfter  evaporation,  it  is  evident  that  a  part  of  the 
original  substance  is  soluble  in  water.     Then  treat  the  original  residue 


470 


SYSTEMATIC    VNALYBffl 


several  times  with  small  quantities  of  water,  and  analyze  the  aqueous 
extract  thus  obtained  by  itself.  Treat  the  part  remaining  undissolved 
with  iii-iil,  usitiK  liyilme-lil  nl  unless  the  preliminary  examination 

has  shown  the  presence  of  either  lead  or  silver,  when  nitric  acid  should 
be  used. 

Treat  tin;  residue  with  0..>-l  cc.  of  12-normal  acid  (notice  whether 
there  ia  any  evolution  of  a  gas),  heat  gently,  and  then  dilute  with 
water,  to  dissolve  any  chlorides  insoluble  in  hydrochloric  acid.  It 
must  be  remembered,  however,  that  bismuth  and  antimony  salts 
form  insoluble  basic  chlorides  on  dilution  with  water,  so  that  too 
much  water  should  not  be  added. 

If  a  residue  remains  after  treatment  with  acid,  bring  it  into  solu- 
tion by  one  of  the  methods  described  on  pp.  -166-8. 


II.    Examination  for  the  Metals  (Cations) 

TABLE  XVI.— GENERAL  SCHEME  FOR  SEPARATING  THE    METALS 

INTO  QKOUP8 


Solution   may  contain  all   the  common  basic   const ituentn.     Add   HCl   in   alight 

ezces*.     ( 1 ) 


Precipitate; 

Group  I. 

Emmine  im  oaf- 

line.d    in    Table 

XV,  p.  302.  (2) 


Filtrate;  Groups  II,  III,  IV  and  V.    Saturate  with  £/,5.    (3) 


Pre<*i|,ir  .-n  «■  • 
Group  1 1 
K j nniinc  at 
outlined  in 
Table  IX.  p. 
2X0,  or  Tahli 
XII,  p.  9M. 
M 


Filtrate:  Groups  III.  IV  and  V.  Test  for 
phosphoric  iirid.  If  found  pn  m-iii  inodiff  the 
following  procedure  as  indicated  in  Table 
XVII.    Add  NUdlH  and  (jY//,)rSl.     (5) 


Prr-cipit  utc: 
Group  III. 
//   photphale   u 
abntnt 

ine  at  outlined 
in  Table  VII 
p.  199,  or  in 
Table:  Vflf,  p. 
309.  //  phos- 
phate w  prewnt 
examine  >■<; 
Tabic  XVI  I, 
p.47fi.     (0) 


Filtrate:     Groups   IV  and   V. 
Add  (A7/,),CO,.     (7) 


Precipitate: 

Qroup  IV. 

Kiifun,.  a* 

outlined  in 

Table  IV,  p. 
118,  or  in  ro- 
bin V.  p.  130, 
Of  in  Table  VI, 
p.  122.     (8) 


Filtrate: 
Group  V. 
Bxtxnttne  rtt 
outlined  in 
Table  I,  p. 
101,  or  in 
Tattle.  II,  p. 
uy\,orTabU 
III,  p.  105. 
(0) 


PROCEDURE 

1.   Add  HCl  as  directed  on  p.  303.     If  the  original  subatanoe  waa  completely 
soluble  in  dilute  HCl,  it  fa  evidrnt  |]  :■.  or  or  mm-iimiM  salt  is  present.    Often, 

when  lead  in  present,  the  notation  i*  clear  wUk  hot,  but  lead  chloride  i*  deposited 
a*  toe  volution  cool*.     It  U  umially  best  to  filter  off  auch  a  precipitate,  but  it  will  be 


EXAMINATION  FOR  THE  METALS  471 

changed  u>  less  soluble  lead  sulfide  VbflS  BtS  It  introduced  to  precipitate  the  second 
group.  If  the  original  solution  is  alkaline  to  phcnnlphthaleiii  or  to  litmus  »  pre- 
cipitate may  form  when  none  of  the  metals  of  the  first  group  i»  present.  Thus  a 
solution  of  sodium  silicate  gives  a  white,  gelatinous  precipitate  of  silicic  acid,  a 
solution  of  an  alkali  fungstatc  gives  «  precipitate  of  tungstic  acid,  a  solution  of  a 
thio  salt  of  arsenic,  antimony  or  tin  gives  a  colored  sulfide  precipitate  and  the  solu- 
tion of  a  complex  cyanide  mBy  form  a  precipitate  when  neutralized.  These  pre. 
cipitates,  however,  are  not  likely  to  be  mistaken  for  a  chloride  of  sil  ver,  lead  or  mercury . 
If  n  silicate  is  present,  it  is  absolutely  necessary  to  remove  the  lllldfl  add  at  the 
start  by  the  method  given  on  p.  14-1  and  tuiigslic  acid  may  !«•  removed  in  exactly 
the  same  way.  If  a  thio  salt  is  present,  examine  (be  precipitate  according  to  Tabic 
XI,  p.  292,  and  test  for  alkalies  and  alkaline  earths  according  to  Table  IV,  p.  118, 
and  Table  1,  p.  101.  If  the  original  solution  is  alkaline,  it  is  necessary  to  test  for 
iron  and  aluminium  only  when  the  solution  contains  non-volatile  organic  matter 
which  prevents  the  precipitation  of  these  clement*  by  hydroxy!  ions.  The  addition 
of  IIC'I  may  cause  the  precipitation  of  BiOCI  and  dilution  may  cause  the  precipita- 
tion of  BiOCI,  NMK'l  «t  a  basic  salt  of  somp  other  metal,  especially  titanium  and 
tin.  With  the  exception  of  the  titanium  prenpit.'ite  -mh  i>:imY  *nlt*  are  easily 
dissolved  by  filtering  and  treating  with  6-normal  IK 'I,  or  the  basic  salts  of  anti- 
mony, bismuth  and  tin  may  be  changed  into  less  soluble  sulfides  by  introducing 
lis  without  filtering. 

2.  Examine  the  precipitate  of  HgjCli,  PbClt  and  AgCl  exactly  as  descril>ed  on 
p,  302.  For  the  detection  of  thallium,  which  is  aometim>  tated  with  t inn 
group,  consult  Part  V. 

3.  Transfer  the  filtrate  from  (I)  to  a  300-ce.  Erlcnmeyer  flask,  fit  the  latter  with 
a  two-holed  rubber  stopper  and  insert  through  one  hole  a  right-angled  glass  tube 
which  readies  nearly  to  the  bottom  of  the  flask  and  through  the  other  hole  a  shorter 
tul»e,  similarly  bent,  which  reaches  only  to  the  bottom  of  the  rubber  stopper.  Raise 
the  longer  tulie  till  it  is  just  above  the  surface  of  the  solution,  heat  the  solution  to 
boiling  and  begin  pawing  u  steady  stream  of  II  S  through  I  he  lunger  tul>e.  Remove 
the  flame  from  lienenth  the  flask,  clow  the  shorter  t nl m-  with  :i  pure  of  rublsT  tubing 
which  has  one  end  stopped  up  with  n  short  piece  of  stirring  rod,  and  lower  the  longer 
tube  eo  that  it  dips  well  below  the  surface  of  (be  solution.  Shake  well  and  continue 
keeping  up  the  pressure  of  the  H.S;  in  this  way  the  gas  is  absorbed  iw  ftist  as  the 
sulfide  precipitates  :tn.  1  tlie  solution  is  kept  saturated  with  the  gM  without  wasting 
a  great  deal  of  it.  When  the  precipitation  appears  to  lie  complete,  shut  off  the  H,S, 
open  the  flask,  odd  im  >>iuul  volume  of  cold  wntei  and  again  saturate  with  U.S. 
("Ion-  the  short  t.ul ic  and  shake  the  flask  well  for  two  or  three  minutes  while  keeping 
up  the  H,S  pressure.  Finally  filter  off  the  precipitate  and  wash  it  promptly  with  H|S 
water-  If  on  oxidising  agent  is  present,*  considerable  free  sulfur  will  be  deposited 
and  this  will  greatly  delay  the  precipitation  of  the  sulfides.  In  ease  it  is  desired  to 
know  whether  a  precipitate  contains  notliini:  bul  sulfur,  waah  it  several  times  with 
alcohol,  then  with  carbon  disulfide  (away  (nun  any  free  flame)  and  then  with  alcohol 
again ;  tins,  treatment  will  serve  to  remove  the  *ulfur.  It  is  important  to  adjust  the 
concentration  of  the  acid  properly  before  introducing  HjS  by  measuring  the  quan- 


*  If  nun  li  oMili/iiig  agent  or  considerable  arsenic  acid  is  present,  it  is  beet  to 
pass  S():  into  the  hot  solution  until  a  complete  reduction  is  accomplished  and  then 
remove  the  excess  of  SO»  by  a  stream  of  COt-  If  the  excess  of  SO.  is  not  removed  it 
reacts  with  H£  chiefly  as  follows:  2  H«8  +  SO,  -.  2  HrO  +  3  S. 
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lily  added  in  getting  the.  substance  into  solution  and  in  precipitating  the  first  group. 
After  diluting  with  water,  as  above  directed,  the  solution  should  be  ftboul  O.rt-uarmal 
in  acid;  if  more  acid  is  present  cadmium  and  lead  sulfides  will  not  pttt  rpfteta  and 
if  less  acid  is  present  sulfides  of  zinc,  nickel  utid  cobtdl  may  precipitate.  On  the 
whole  it  is  bettor  I"  err  with  loo  little  Kid  r.nhcr  than  with  tOO  much,  n  enough 
sine,  nickel  and  cobalt  will  always  remain  in  the  filtrate  to  give  .1  tost  in  the  nrxt 
group  and  the  presence  of  llu-wrli-nicritadotl  ""I  seriously  interfere  with  the  analysis 
of  the  second  group.  I  .ike  cadmium,  /.me  give*  .<>  white  fcrnicviinidc  in  I  In-  e<ml':rin- 
atory  test  for  copper,  and  nickel  gives  n  faint  blue  with  ammonia;  cither  nickel  or 
will  interfere  with  the  final  test  for  cadmium,  hut  the  treatment  outlined  on 
p.  liW  will  overcome  ilii-  .lillii-uli y.  If  ufter  precipitatinn  with  hydrogen  sulfide  a 
turbid  filtrate  i*  obtained,  due  to  free  sulfur,  prepare  some  filter-paper  pulp  by  slink- 
ing plfinnl  of  filter  pftgMt  hi  a  I  Hit  tie  with  hot  water,  add  some  of  the  pulp  to  the  filtrate 
and  Bitot  through,  ft  fresh  filter.  The  hydrogen  ndfidB  pTfrffptfH  fUlllllW  snrnc- 
whftl  on  lieing  exposed  to  the  sir,  and  a  little  soluble  sulfate  is  likely  to  form  wim-li 
forms  ft  pn  m  .  "iiiiiin:  111  "inlin't   with  If-S  in  the  filtrate.      For  this  reason 

the  precipitate  sliuuld  Is-  washed  prtuiiptly  with  hydrogen  sulfide  wall  r  without  ever 
letting  the  filler  drain  completely  until  the  washing  is  finished.  If  the  filter  elog>, 
place  the  filter  imd  precipitate  in  I  In  aker,  sbuki-  it  up  with  hydrogen  sulfide  water 
in. I  fillet  lliroiiith  a  froMh  filter.  In  qualitative  analysis,  all  hut  the  first  washings 
of  a  preei|,ii;iir  Hliimlii  l>c  discarded,  as  a  rule. 

4.  Examine  the  hydrogen  sulfide  precipitate  as  directed  on  p.  290  or  20-1.  If 
gold,  platinum  or  con-iilei.-il.lo  im  is  present,  ilu-se  elements  are  often  found  in  the 
residue  of  mercuric  sulfide  obtained  after  treatment  with  nitric  acid.  When  Ihl 
presence  of  these  > -leinenla  is  suspected,  take  a  little  of  the  residue  for  the  mercury 
test  ond  fuse  the  remainder  in  a  pnrwfain  crucible  with  11  mixture  of  equal  parte 
potiWNinm  cyanide  and  sodium  carhouiite.  f'ool,  wash  out  all  the  soluble  alkali 
salts  with  water  and  discord  this  solution.  Oold,  platinum,  tin  and  lend  will  bl 
left  behind  in  the  metallic  condition.  Treat  the  metallic  residue  with  dilute  nitric 
.ii  nl  .-in. I  ii  -r  the  solution  fur  lend  m  the  regular  way  with  sulfuric  acid  (p.  290). 
Heat  the  residue  of  gold,  platinum  and  mctaatannic  acid  with  concentrated  hydro- 
chloric acid.  Dilute,  filter  and  test  for  tin  with  HgOi  in  the  usual  way  (p.  293). 
Dissolve  any  gold  or  platinum  in  aqua  regis,  add  ammonium  chloride,  evaporate 
to  dryness  on  the  water  bath  and  treat  the  residue  with  a  very  little  water;  a  yellow 
precipitate  of  (NH«)i|PtCI«|  allows  the  presence  of  platinum.  Filter,  teat  with  FcSO, 
for  gold,  anil  run  firm  by  I  he  rliarrual  -liek  rend  ion  (p.  283), 

5.  Take  a  little  of  the  nitrate  (rem  |  '.  ■.  boll  off  the  hydrmr-n  nlfidft,  add  a  little 
hri.iiiine  water  to  oxidise  any  iron  and  the  lost  traces  of  hydrogen  sulfide  and  Bftkl 
.ilk.'iliiii'  uith    111111111111:1      If  st  precipitate  forms  it  mny  consist  of  a  phosphate  of 

strontium,  calcium  or  magnesium,  or  an  alkaline  earth  fluoride  or  oxalate. 
Phosphoric  mid  very  often  occurs  in  minerals,  and  for  this  reason  a  special  pro- 
cedure is  often  required  for  the  analysis  of  Groups  III  and  IV.  Without  stopping 
to  filter  off  the  precipitate  produced  by  ammonia,  dissolve  it  by  the  careful  addi- 
tion of  a  little  nitric  acid,  heat  the  solution  nearly  to  boiling  and  add  an  equal  vol- 
ume of  ammonium  riiolybdate  reagent.  A  yellow  precipitate,  wbJeh  may  be  d 
:  'ruing,  shows  that  phosphoric  acid  is  present.  Arsenic  acid  gives  11  similar  pre- 
cipitate fj).  216 1.  I. ut  arsenic  should  not  lie  present  at  this  stage  in  the  analysis.  If 
phosphoric  acid  is  found  ftfllfM  (he  precipitate  as  outlines!  in  Tftbk  XVII. 

If  an  oxalate  or  fluoride  is  indicated  hy  the  preliminary  examination,  especially 
I  test  with  concentrated  sulfuric  aeid,  it  is  heat  to  remove  these  acids  hy  heat- 
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iriR  the  original  substance  with  concentrated  sulfuric  acid.  Thin  is  likely  to  leave. 
lifter  diluting,  -in  insoluble  ri'Mihn-  nl  alkaline:  earth  sulfate  winch  should  be  exam- 
ined a*  directed  on  p.  466.  If  the  behavior  of  the  original  substance  in  the  rinsed 
tulw  test  indicated  the  presence  of  non-volatile  organic  matter,  it  in  necessary  to 
remove  it  Ixjfure  proceeding  with  the  analysis  of  Group  III,  lieeause  tartaric  and 
citric  acids,  sugars,  starches  and  similar  substances  prevent  the  precipitation  of 
iron,  aluminium  und  chromium  with  ammonia.  Such  organic  substances  can  he 
removed  by  ignition  or  by  repeated  treatment  with  concentrated  sulfuric  mid  nitric 
acids;  add  about  5  eo.  of  sulfuric  acid,  nn  equal  volume  of  conccutrut-  'I  nitric 
aeid  and  evaporate  till  strong  fume*  of  sulfuric  acid  are  evolved,  cool  and  repeat 
the  treatment  with  nitric  acid  as  much  as  necessary.  The  ignition  treatment  often 
makes  AljOj,  CriOi,  FoiO»  and  SiOj  insoluble.  Fuse  such  a  residue  with  KHBQi 
and  examine  it  by  iteelf.  The  treatment  with  sulfuric  and  nitrir-  acid  «  likely  to 
leave  un  insoluble  sulfate  behind;  fuse  it  with  sodium  carbonate  (p.  116). 

6.  If  phosphate  is  found  present,  analyze  as  outlined  in  Habit  \\  II,  p.  476.  If 
phosphate  is  absent,  analyze  Group  111  by  method  A,  p.  199,  or  by  method  H,  p.  '203. 
Many  of  the  i-lcmentis  in  this  group  commonly  occur  in  diffrrent  states  of  oxidation, 
In  reporting  the  final  results  of  the  analysis  it  is  not  sufficient  to  state  that  iron, 
chromium,  or  manganese  is  present,  but  it  should  be  stated  in  what  condition  such 
an  element  is  present  in  the  wimple  as  received.  It  is  necessary  to  determine  this 
by  special  tests,  using  the  characteristic  nmil'miM  llnsillflXNl  in  Part  II  under  tho 
element  in  question. 

7.  Treat  the  filtrate  from  (fi)  with  (NH.)iCO,  according  to  Method  A.  p.  1  IK,  or 
KOOOrdtni  to  Method  B,  p.  120.  In  tho  fori  mi  ■■  ■■  nuigueniuiii  will  uol  bt  pndpl- 
tated  with  this  group  and  in  the  lulter  case  it  will  be  precipitator*.  In  most  cases, 
Method  B  will  lm  found  preferable. 

8.  Examine  tin*  (NHdiCOz  precipitate  as  directed  on  p.  118  or  as  directed  on 
p.  120, 

9.  Examine  the  alkali  group  according  to  the  directions  on  p.  101  or  on  p.  10*, 
omitting  the  in  test  provided  Method  B  was  used  for  the  analysis  of  Group 
IV.     Test  a  portion  of  the  original  substance  for  ammonium. 

ANALYSIS    IN   THE   PRESENCE   OF   I'lIOSPUOKIC  ACID 

There  are  three  classic  methods  for  examining  a  solution  for  the  members  of 
Groups  III  and  IV  when  phosphoric  acid  is  present.  The  first  of  these  methods 
depends  upon  the  fact  that  when  tin  is  boiled  with  strong  nitric  acid,  insoluble 
meumtannic  acid  is  formed  (p.  273)  and  Litis  prcupitatc  carries  down  with  it  phos- 
phoric acid,  arsenic  aeid  and  to  a  lesser  extent  other  substances  such  as  ferric  oxide, 
titanium  oxide,  etc.  It  is  probable  that  adsorption  compounds  arc  formed,  rather 
than  simple  chemical  compounds.  Instead  of  using  metallic  tin.  it  In.-  Ison  found 
possible  to  accomplish  the  same  result  by  preparing  metastannir  aeid  in  advance 
and  adding  it  to  the  solution.*  After  the  phosphoric  aeid  has  been  precipitated  in 
this  way,  it  is  tillered  off  and  the  filtrate  examined  for  Groups  III  and  IV  in  the 
usual  manner. 

The  second  method  of  analysts  in  the  presence  of  phosphoric  acid  is  the  so-called 
ba*ie  tuxtale  mtihod.  If  a  solution  containing  ferric  iron  or  aluminium  is  oatffaOh) 
neutralized,  ferric  phosphate  or  aluminium  phosphate  is  precipitated  before  an  far* 
soluble  hydroxide  or  an  alkaline  earth  phosphate  ia  formed.     If  the  neutralization 


•  Cf.  W.  MKCKLE.vBntr..  Z.  anal.  Chem.,  62,  293  (1913). 
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goes  too  far,  and  an  curat  of  hydroxy!  ions  in  provided,  ferric  and  aluminium 
hydroxides  are  likely  to  be  formed  and  alkaline  earth  phosphate  will  then  precipi- 
tate. One  of  the  best  method*  of  preventing  the  neutralisation  going  too  far  in  to 
boil  the  dilute  solution  with  a  little  acetic  acid  and  considerable  sodium  acetate. 
Then,  if  a  slight  excess  of  iron  is  present,  nil  "f  the  phosphoric  ncid  will  be  precipi- 
tated as  ferric  phosphate  and  the  excess  of  iron  will  be  precipitated  as  basic  acetate. 
It  is  better  to  use  ferric  iron  rather  than  aluminium  in  this  separation,  because 
ferric  acetate  by  it*  color  shows  when  enough  trivalent  metal  is  present. 

The  third  method  of  analysis  is  the  barium  carbonate  method.  This  method  is  tie 
same  in  principle  as  the  basic  acetate  method  except  that  the  solution  is  neutralised 
im  carbotinle  in  tin;  cold.  The  objection  to  this  method  of  analysis  is 
that  an  alkaline  earth  is  added  so  thnt  a  separate  portion  of  the  solution  must  be 
used  in  the  tests  for  this  group,  In  some  special  cases  calcium  carbonate.  nrir  oxide 
Joel  cadmium  earhoniitc  .'ire  ii.ed  uihtend  •■f  barium  carbonate.  All  of  these  sub- 
stances will  neutralise  a  solution  sufficiently  to  precipitate  phosphates  and  hydrox- 
ides of  iron,  aluminium  and  chromium.  They  do  not,  however,  precipitate  bivalent 
metals  as  a  soluble  BSlboOStS  would. 

The  barium  earixaaU  met  hud  II  useful  fur  separating  the  trivalent  from  the 
bivalent  metal*  of  Croup  III  and  will  Im:  denerilted  in  Volume  II  of  this  book.  The 
other  two  methods  will  be  outlined  hen'. 

I'll'"  BD1   liK.      TIN    MBTIIOD 

1.  Bftporate  the  lilt  rate  from  Group  11  just  to  dryness.  Add  10  re.  (if  conceit* 
tratcd  HNO»j  evaporate  to  dryness  and  repeat  the  evaporation  with  IIXO(  once 
more.  Finally  add  10  cc.  of  concentrated  IINOtaud  introduce  itxNl  1  pu,  of  tin 
foil  in  small  portions.  Boil  to  small  voluine  in  oni  r  to  complete  the  precipitation 
•  if  the  tin  and  pour  the  oneenu.itecl  solution  into  UK)  .-.■.  of  wster  contained  in  a 
narrow  cylinder  such  as  a  100-ce.  gratiualc.  Next  morning  siphon  off  the  superna- 
tant liquid  and  discard  the  precipitate  of  metastannic  acid,  which  sliouid  contain 
all  the  phosphoric  ."-el. 

9.  The  tin  foil  usually  contains  traces  of  lead  and  copper.  To  remove  these, 
saturate  the  solution  with  HjS  and  filter.      Rfljoot  the  precipitate. 

3.  Treat  flu-  nitrate  with  NH(OH  and  (XH4)*S,  examine  the  precipitate  far 
Group  HI  nnd  the  filtrate  for  Groups  IV  and  V  exactly  as  outlined  in  Table  XVI, 
p.  47ft 


BASIC  ACETATE  METHOD 


TABLE  XVII.  -  ANALYSIS  OF  GROUPS  III  AND  IV  IN  PRESENCE 

'  OF  PHOSPHATE 

Tin  Method.  Bank  Acetate  Method. 


Remove  HvSnnd  HCl  from  filtrate  from 
Group  II.  and  evaporate  repeatcdlt,  wiih 
HNOi.  Add  tin  foil,  concentrate,  diluU 
and  allow  the  precipitate  to  eeltle.     (1 ) 


Precipi- 
tate: 

( I  liSnO.fr- 
(P«0.)y. 

lived. 


Solution:  Croupe  III,  IV 
and  V.  Saturate  with 
H-yS  ami  filter.     (2) 


Pre  c  i  ;>  i  - 

!:.!.•.  CuS. 

PhS  from 
impurities 
in  tin  foil. 
Reject 


S  o  1  u  t  ion  : 
Groups  III, 

l\      ;m,l     \ 

Add 

N  H  «  O  // 

and 

<JV //.),# 
and  con- 
tinue ait  in 
Table  XVI. 
(3) 


Treat  filtrate  from  Group  II  with  NH,OH 
and  (XMm)iS.  Ful.r  „„H  U«l  filtrate  u*  fa 
Tabic-  X  VI.  Examine,  the  precipitate  ac- 
cording to  Tabic  VI  up  to  and  including 
treatment  wiUi  UNO,  and  KCtOt.  Teat  for 
Fe+++  in  filtrate  from  MnOt  precipitate. 
Add  NH„OH,  BCtBtOu  FtCl,  and 
NHtCxIItO*.    Dilute  and  boil.     (4) 


Precipitate: 
I'.-I'o,  and 
Fe(OH)iCHiOi. 
Reject. 


Filtrate:  Ni++,  Co++, 
(Zn-H-)Ba-M-,  Sr++, 
Co-H-.  Mfri-*-.  Add 
\HiOII  and  rat  urate 
with  //>'.     (5) 


I'm  i-  if  1 1 

ut«: 
CoS,  N  iS, 
(ZnS). 
Biamme 
ax  in   To- 
ble.  VIII. 


Filtrate: 
Ba+-+, 
Sr++, 

Ca++, 
Mg++. 
Examine 
for    Group 

IV  an  in 
Table 
XVI.  but 
do  not  lent 
for    Group 

V  a*  Xa  ' 
and  K< 
have  been 
a.lded.    (8) 


BASIC   ACETATE   METHOD 

4.  Treat  the  filtrate  from  Group  II  with  NH4OH  am!  (MI,  .S  in  the  usual 
way.  The  preeipitnte  mny  contain  FeS,  NiS,  CoS,  ZnS,  Mag,  Al(OII),,  AIPOfc 
Cr(OH)i,  CrP04,  Ba»(PO«)»,  Sr,(PO.),,  C«v,(PO«)i,  and  MkNH.PO,.  The  f 
may  contain  lia*+.  Or  1 1,  ('«++.  Mir**,  Nn+.  K+and  NIL*.  Examine  the  filtrate 
for  Group*  IV  and  V  as  in  Table  XVI.  The  preripitnte  must  be  tested  independ- 
ently for  Ba-H-.  Sr+*.  Ca-H-  and  Mg++. 

Dissolve  the  precipitate  in  HCl,  adding  a  little  HNOt  if  necessary.  Dilute, 
filter  off  any  residual  sulfur  and  evaporate  tlie  filtrate  nearly  to  dryness  to  mora 
the  excess  acid.  Dilute  to  20  cc,  make  alkaline  with  NaOII  and  add  more  water 
if  a  very  bulky  precipitate  is  formed.  Add  about  2  cc.  of  NatOi  powder  in  small 
portion*  while  stirring:  the  cold  solution.  Then  add  5  M,  of  4-tionnal  Na«C0i  solu- 
tion and  boil  to  decompose  the  cxcmvi  of  N'atOj-  Cool,  dilute  with  an  equal  volume 
of  water  and  filter.  The  filtrate  will  contain  all  the  aluminium  as  sodium  aluminate, 
all  the  chromium  as  sodium  eliminate,  usually  most  of  the  ainc  aa  sodium  sincate 
and  some  or  all  of  the  phosphoric  acid  as  sodium  phosphate.     Examine  this  filtrate 
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for  aluminium,  chromium  and  tine,  exactly  as  outlined  in  Tabic  VIII,  p„  203,  The 
presence  of  tin'  phrwphnte  do«j  no  liiirm,  on  zinc  phosphate  is  readily  soluble  in 
ammoniacal  solutions.  W  hen  tin'  solution  which  waa  treated  with  sodium  hydrox- 
ide and  sodium  peroxide  contains  alkaline  earths,  the  phosphates  of  these  elements 
are  precipitated  by  the  neutralization  and  if  the  solution  contain*  do  Alkaline  earth 
mil  nl.  usually  n  ic  plioapbato  remains  in  .tolution.     The  audium  carbonate^i- 

added  with  the  sodium  hydroxide  and  hodium  iieroxiile  to  ensure  the  complete  pre- 
cipitation of  alkaline  earth  and  to  prevent  the  precipitation  of  an  alkaline  earth 
chromatu. 

Dissolve  the  precipitate  produced  l>y  XaOH,  Na«0,  and  XajCOi  in  15  ee.  of 
ft-norrnnl  UNO,,  adding  Il-O,  u  few  drops  at  ■  lime  until  the  precipitate  is  all  di» 
h<\\  nl.  Filter  if  any  filter  pap*  is  present  and  evaporate  the  nitrate  nearly  to  dr.  m- 
Add  16-nonual  UNO.  and  treat  with  Kf'IOi  exactly  aa  deacril>ed  on  p.  205.  If  a  prc- 
n|'it;<<>  '.if  Mu<  i;  L- formed,  fit  tor  it  off  ami,  if  demed  iicec-wiry,  confirm  I  he  manganese 
in  tli.:  n.'.ual  w.iv.    T.ii.i  ..int.  n  tli  of  tin  HtnM  boa  ii.'  iv  i< ).,  traatzMnt,  tvporata 

it  just  to  dryneaa,  moisten  the  residue  with  a  few  drops  of  ennecut rated  H<*1,  dilute 
with  5  cc.  of  water  and  lent  for  in m  with  KCNK.  Neutralize,  the  remainder  of  the 
.-..liitii.n  with  amiimnia  and  continue  adding  nmmonin  until  a  pcriiciinni  precipitate 
is  formed  or  the  eolutuni  becomes  alkaline.  Dissolve  the  pm  nutate  in  acetic  acid, 
avoiding  an  excess,  and  add  15  cc.  of  3-normnI  Ml.ClfjOi  solution.  If  the  solution 
is  then  of  a  rich  brownish  red  color,  it  in  evident  that  more  th:ui  mfflotant  iron  is 
present  to  combine  with  all  the  phosphoric  acid.  Otherwise  add  FeCL,  ■ottttloa, 
drop  by  drop,  until  such  a  color  is  produced.  Dilute  to  at  leant  100  cc.  mid  l>oil  for 
live  minutes  in  n  SHO-cc.  flask.  If  a  large  precipitate  d  fi.niml,  dilute  to  '-.rin  cc 
with  hot  irate  and  boil  a  minute  longer.  Allow  the  precipitate  to  settle  for  a 
minute  or  two,  filter  while  Mill  hot  through  a  plaited  filter  and  wash  the  pm  ipi- 
tate with  hot  water  containing  a  little  ammonium  u.rtate.  Add  10  cc.  more  of 
NIl/'ilIiOj  t..  the  filtrate,  agiun  lioil  and  collect  xn\  further  prceipitnt6  on  a  sep- 
arate filter.  Reject  both  of  these  precipitates,  which  contain  all  the  phosphoric 
acid  as  pale-yellow  ferric  phottplmti' mid  the  i  miw  nf  il"   n.,i,   ,-  I msie  ferric  acetate. 

5.  Make  the  filtrate  ammoniacal  and  saturate  it  with  FIjS.  Filter  and  examinr 
thc  precipitate  for  nickel,  cobalt  and  zinc  according  to  the  directions  on  p.  206- 

6.  Examine  this  la«t  llltmte.  which  tiu.\  OODtaJB  Ha*+,  BrH-,  Ca++  and  Mg++ 
for  Group  IV  iu>  outlined  in  Table  XVI,  p.  470.  Inasmuch  ns  NaOH,  N»,(-h  and 
KCK),  have  been  added  the  original  filtrate  from  the  NII.OH  and  (NH,),S  precipi- 
tation must,  be  examined  independently  for  (iroupi  IV  and  V. 


EXAMINATION  FOR  THE  ACID  CONSTITUENTS  (ANIONS) 

METHOD  OF   F.   P.   TREADWELL  * 

The  tests  for  the  acid  constituents  (anions)  are  usually  made  after  the 
analysis  for  the  ha«ic  constituents  (cations) ;  the  preliminary  examina- 
tion (heating  in  the  closed  tube  and  with  dilute  and  concentrated  sul- 
furic acid)  and  the  solubility,  combined  with  the  knowledge  of  the 
metals  that  are  present,  indicate  what  acids  ma}'  and  what  acids  may 
not  Iw  preaent. 


*  Based  on  Btuiwn'a  elaanneation  of  the  adds  (ef.  p.  304.) 
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In  order  to  avoid  side-reactions,  the  acids  are  usually  obtained  in 
the  form  of  the  neutral  alkali  salts  before  proceeding  to  teat  for  them. 

I'HKPARATION   OK   THE   SOLUTION    FOR  THE   ANALYSIS   FOR  ACIDS 

Two  cases  may  lie  distinjruishwl: 

A.  The  original  imbalance  contain*  no  heavy  metal  (i.e.,  only  alkali**  or 
alkaline  earths  are  pretenl). 

(a)  The  substance  is  soluble  in  water. 

Test  I  he  M  ili  i  in  in  nilli  litmus  mm  pet  in  -<r  uIh-iIht  il  in  urn  I    :ilkjilitn\  or  run  it  ml 

An  Alkali**-  lirm-iion  shows  the  possible  presence  of  alkali  cyanides,  alkali  ni- 
trites,* Imriiic-.  tertiary-  phosphates,  alkali  sulfides,  thio  salta  of  the  alkalies,  alkali 
silicate*,  etc. 

An  Acul  Reaction  is  shown  by  inauy  acid  sult«  (cf.  p.  50). 

Divide  the  solution  into  two  part*.  If  it  i*  neutral,  unalyzc  it  directly  for  the 
acids:  if  it  is  alkaline,  neutralize  t  half  of  it  with  aortic  add  am!  the  other  half 
with  nitric  acul,    if  it.  is  acid,  neutralize  with  sodium  nirlxinatc  solution 

(ft)  The  substance  is  insoluble  or  very  difficultly  soluble  in  water,  hut  readily 
soluble  in  dilute  acida.  In  this  case  only  the  acids  of  Groups  III  and  IV  need  be 
tested  for. 

Boil  the  dry  substance  with  a  little  concentrated  sodium  carbonate  solution  and 
Alter.    The  filtrate  contains  the  acids  in  the  form  of  their  sodium  nail*. 

Neutralize  the  solution  with  diluU-  mine  acid. 

1 1 •)  The  substance  is  insoluble  in  water  and  in  dilute  acids. 

The  following  substances  may  lie  present:  BaSO«,  Stti04,  (CaSO.),  CaFt,  and 
silicates,  which  often  contain  salts  of  ll.PO,,  HBOk,  HjSO,,  HF,  and  FICl. 

Fuse  the  substance  with  sodium  carbonate  in  a  platinum  crucible,  extract  with 
water,  and  use  the  aqueous  solution  thus  obtained  for  the  analysis  for  acids,  after 
neutralizing. 

If  the  substance  is  partly  soluble  in  wuter  and  in  acids,  first  treat  with  water  and 
then  "ill,  -ndiuDfl  Mrbon:i"'  <■  .hit  ion  ;m<l  furc  tie  rvpiduc  mill  -■■!:. I  socSUQ  car- 
honatc.     Analyse  separately  ftnC  three  solutions  thus  nhtained. 

B.  The  aubatance  contain*  heavy  metal*. 

(a)  It.is  Soluble  in  Water  or  m  dilute  acids,  and  contains  no  non-volatile  organic 
matter  (no  carbonization  in  the  cloacd-tuhc  test. 5 

Treat  the  solid  substance  with  sufficient  concentrated  sodium  carbonate  solution 
to  make  the  resulting  solution  weakly  alkaline,  and  filter.  If  ammonium  salts  are 
present,  first  boil  it  with  the  solution  of  ««lium  i-nriioiintc  until  the  vapors  from  the 
solution  no  longer  smell  of  ammonia,  and  then  filter. 

Divide  the  resulting  solution  into  two  parts,  making  one  part  acid  with  acetic 
acid,  and  the  other  with  nitric  acid. 

(6)  The  Substance  is  Soluble  in  Water  or  Dilute  Acids  and  Contains  Non-volatile 
Organic  Matter.  —  If  the  metals  of  the  ammonium  sulfide  and  hydrogen  sulfide 
groups  are  both  present,  pass  hydrogen  sulfide  into  the  weakly  acid  solution  until 


•  Perfectly  pure  alkali  nitrites  are  neutral.  The  alkaline  reaction  of  the  com- 
mercial salt*  is  due  to  the  presence  of  alkali  ndds  Of  iflrfltff, 

f  Thin  salts,  silicates,  stannites,  stannates,  aluminatea,  molybdate*,  LungaUte*, 
etc.,  will  yield  precipitates  at  this  point  which  should  be  examined  as  deacnlsMl 
on  page  -171. 
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it  ib  saturated,  filter  off  the  precipitate,  add  ammonia  to  the  filtrate  until  it  is  slightly 
alkaline,  filter  again,  and  make  this  last  filtrate  acid  with  acetic  acid  and  evaporate 
to  a  small  volume.  Filter  off  the  deposited  sulfur,  treat  the  solution  with  solid 
potassium  carbonate,  filter  if  necessary,  carefully  acidify  with  nitric  acid,  stir  vig- 
orously, and  if  any  potassium  acid  tartrate  is  formed,  filter  it  off  and  test  as  de- 
scribed on  p.  387.    Test  the  filtrate  for  the  remaining  acids. 

(c)  The  Substance  Is  Insoluble  In  Strong  Adds.  —  Besides  the  salts  mentioned 
under  A  (c),  the  following  may  be  present:  AgCl,  AgBr,  Agl,  AgCN,  PbSO,,  silicates 
(ferro-  and  ferricyanides). 

If  silver  is  present,  the  halogen  acids  must  be  looked  for.  Reduce  the  insoluble 
silver  salt  by  sine  and  sulfuric  acid,  filter  off  the  residue,  and  examine  the  nitrate 
according  to  Table  XX  for  HC1,  HI,  HBr,  and  HCN. 

If  the  insoluble  substance  contains  lead,  boil  it  with  sodium  carbonate  solution 
and  filter;  make  the  filtrate  acid  with  hydrochloric  acid,  and  test  with  Bad*  for 
H£04. 

If  silicates  are  present,  HjPOi,  HF,  HBO,,  HC1,  and  H.SO,  must  also  be  tested 
for. 

In  whatever  way  a  solution  is  prepared,  determine  its  behavior  toward  silver 
nitrate  and  barium  chloride  in  order  to  ascertain  to  what  groups  the  acids  present 
belong. 

Then  make  the  necessary  teste  for  the  individual  members. 
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TABLE  XX.  —  EXAMINATION  OF  GROUP  I 

Viral  test  for  l/CS  by  placing  a  little  of  the  solution  on  a  watch-glass,  adding  a  few 
drops  of  yellow  ammonium  sulfide,   evaporating  carefully  to  dryness,   acidifying 
the  dry  maes  ttrith  II CI,  and  adding  a  drop  of  teCIt  solution,     if  a  blood-red  coi- 
oration   it  pToiW4&,   IICN  i*  present,   in  which  cnxe   trntt  a  larger  portion  of  the 
neutral  solution  with  nickel  sulfate  *  lolution  in  OHM,  and  filter. 

Phechmtate.                                                 Solution. 

Ni(CN), 
Discard. 

Treat  the  solution,,  which  is  now  free  from  hydrocyanic  acid,  with  a 
little  caustic  soda  solution  (free  from  halogen),  boil  and  filler  off 
the  precipitate  oj  Ni(OH)t,  divide  the  filtrate,  into  two  parti  and  use 
one  part  for  the  HBr  and  111  tests  and  the  other  for  the  UCl  test. 

Tests  for  HI  and  HBr. 

Test  for  HCI. 

Make  the  solution  acid  with  dilute 
HfSi>t,  add  chlorine  water  d 
by  drop,  and  shake  the  solution 
icith  CS,  or  CIICl,.     If  the  latter 
is  colored  violet,  HI  is  present. 
Jig  further  addition  of  chlorine 
water,  the  CS,  .,r  CHClt  li  de- 
colorized completely   if  lllir   is 
absent,     but     turned    yellowish- 
brown  if  Hlir  is  present.     If  to" 
much  chlorine  mttttr  is  used  n 
wine-yellow  color  is  produced. 

Make  the  solution  slightly  acid 
with   HNO,,  and  add  dilute 
AgNOi  drop  by  drop.    Agl 
and  AgBr  are  first  precipitated 
(yellow )      Filter  and  add  more 
AgNOt-       If  the   precipitate 
still    appear*     yellow,    filter 
through     a     new    filler,     and 
again  add  AgNO,  to  the  filtrate 
until   a    white   precipitate    »/ 
AgCl    is  formed    ,f   11  CI    >« 

present. 

•  II  (•mcymiio  acid  1*  pnatat  also  »-JJ  ■  Utile  ferrout  «ulht«.     Farrocyauio  add  l»  coiaalawly  •*•- 
eijMUtod  by  nickel  aulfate. 

Croup  II 

Tho  members  of  this  group  arc  almost  always  detected  in  the  preliminary  exaiii- 
inatinn.     The  special  test*  for  these  arid*  are  described  on  p.  349  el  sea. 

Group  HI 

SOj,  COt,  HiCiO«  lire  rrcoRniscd  in  the  preliminary  examination.      IIPO,,  H,PjOi, 
IIUOi.  and  IIiCiII«Ui  arc  tented  for  separately  by  the  special  reactions  described  on 
p.  369  ei  «v 

Croup  IV 

CrO,,  HiPOt,  and  HaS|Oa  arc  detected  in  tho  preliminary  examination,  and  in 
the  analysis  for  metals. 

Group  V 

HCIO,  and  HNO,  are  usually  detected  in  the  preliminary  examination.     Their 
presence  i*.  however,  alwayx  confirmed  by  the  pro<«dure  descriljed  on  p.  425. 

Groups  VI  and  HI 

These  acids  are  usually  detected  in  the  preliminary  examination.    Their  pres- 
ence in  confirmed  by  the  test*  described  under  II, S( )(,  UK.  and  8iO|. 
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Examination  for  Acid  Constituents  (Anions) 

METHOD   OF  A.   A.   N0YE8.* 

According  to  this  simplified  method  of  testing  for  the  common  acidic 
constituents  likely  to  be  present  in  minerals  and  commercial  products, 
the  substances  are  classified  into  (1)  natural  substances  and  igneous 
products  and  (2)  non-igneous  products. 

The  first  class  includes  minerals,  ores,  slags,  mattes,  glasses,  porce- 
lains, abrasives  and  other  ceramic  products.  These  substances  are 
examined  for  borate,  carbonate,  chloride,  cyanide,  fluoride,  phosphate, 
silicate,  sulfide  and  sulfate.  The  second  class  includes  such  industrial 
products  as  ordinary  chemicals,  pigments,  fertilizers  and  commercial 
preparations  which  are  not  high  temperature  products.  These  sub- 
stances are  tested  for  arsenate,  arsenite,  borate,  bromide,  carbonate, 
chlorate,  chloride,  chromate,  cyanide,  ferrocyanide,  ferricyanide,  fluo- 
ride, hypochlorite,  iodide,  nitrate,  nitrite,  oxalate,  phosphate,  silicate, 
sulfate,  sulfide,  sulfite  and  thiocyanate. 

Phosphate  and  silicate  are  detected  during  preparation  of  the  solution 
and  examination  for  basic  constituents. 

Analysis  of  Natural  Substances  and  Igneous  Products 

TABLE  XXI.  —  DETECTION  OF  SULFATE,  CARBONATE,   SULFIDE 

AND  CYANIDE 

Boil  0.5  g.  of  the  substance  with  HCl  and  Zn,  collecting  3  cc.  of  distillate  in  Ba(OH)i 
solution;  filter  the  mixture  left  in  the  distilling  flask.     (1) 


Filtrate:  Add  BaCl,. 
White  precipitate 
of  BaS04  shows  sul- 
fate.    (2) 


Distillate:  A  white  precipitate  of  BaCO«  shows  carbonate. 
The  solution  may  contain  dissolved  BaS  and  Ba(CN)i. 


To  a  part  of  the  solution  add 
HC,H,0,  and  Pb(CiH,0,)t. 
A  black  precipitate  of  PbS 
shows  sulfide.     (3) 


To  the  rest  of  the  solution 
add  FeClt,  boil  and  add 
HCl.  The  formation  of 
Prussian  blue  shows  cy- 
anide.    (3) 


PROCEDURE 


1.  Place  0.6  g.  of  the  finely-powdered  substance,  about  as  much  granulated  sine 
and  10  cc.  of  3-normal  HCl,  which  has  just  been  boiled  for  a  minute  in  a  teat  tube 
in  the  50  cc.  flask  A  of  Fig.  26.     Both  of  the  flasks  shown  in  the  drawing  are  made  of 


•  Qualitative  Chemical  Analysis,  8th  Edition,  1920.  This  method  of  analysis  « 
well  suited  for  the  use  of  large  classes  with  a  limited  time  assigned  for  the  study  of 
the  subject. 
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hard  glass.  The  safety  t  uhe  li  i*  nliont  23  cm.  long  nml  rvMwhca  nearly  to  the  l»>t  torn 
of  A.  The  delivery  tube  C  in  about  50  cm.  long  and  extends  only  to  the  bottom  of 
i  In'  r iil il .I- r  stopper  in  .1  but  nearly  to  the  bottom  of  flask  I)  which  rests  in  a  beaker 
of  cold  water  mid  '•uiiiinn.i  25  cc.  of  barium  hydroxide  »»lulion.  Both  fluska  aro 
provided  with  two-holed  rubber  s*t.op|>ers  but  one  of  the  holm  is  left  o|»n  in  the 
BttfcD. 

Heat  the  mixture  in  the  flask  A  and  slowly  distill  about  3  cc.  of  liquid  into  I). 
Examine  the  liquid  that,  remains  in  A  by  J  2  and  the  liquid  in  I)  by  J  3- 


Flo.  26 

2.  Filter  the  contents  of  flask  .4  and  add  barium  chloride  to  the  filtrate.  .4 
white  precipitate  it/  barium  sulfnle  shows  the  presence  of  suf/iite. 

3.  Take  two-thirds  of  the  liquid  in  the  flask  D  and  add  acetic  acid,  1  cc.  at  a 
timer,  until  the  solution  reddens  blue  litmun  paper.  A  white  precipitate  of  BuC<), 
which  dissolves  partly  or  completely  upon  adding  the  acid  show*  that  a  carbonate  is 
present.  In  ease  only  a  Might  turbidity  is  obtained,  compare  it  with  the  result 
obtained  by  carrying  out  the  distillation  test  with  acid  and  sine  alone. 

TABLE  XXII— DETECTION  OF  CHLORIDE.   FLUORIDE 
WD   BORATE 

Distill  1  g.  of  Ike  substance   (A)    trill   H*SO,  alone  and    (B)    iriln   IfiSU,  and 
r/l,OH.    (4) 


A.  Test  a  portion  of  the  first  dittillatc  with  AgNOf 
A  white  precipitate  of  AgCI  shows  the  pres- 
ence of  a  oblwidl 
Tetf  another  portion  with  CaCl±.  A  white  pre- 
cipitate of  CaFj  shows  the  presence  of  fluo- 
ride    (5) 


B.  Te*f  the  second  duttillalr 
with  IICl  and  turmeric 
ralutum.  An  orange  or 
red  color  bIiows  bo- 
rat*.     (6) 
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Add  6  cc  of  load  acetat*  solution :  u  IJ.irl,  ,„  n  pilule  uf  f'bS  shows  the  pretence  of 
a  Kulfidc.  In  doubtful  cases  n  blank  tost  must  bo  made  with  the  ucid  and  *mc  alone, 
currying  out  the  distillation  in  exactly  the  same  manner. 

Test  the  remainder  nf  tin-  ili-iillatt  faf  rv;unrk-  by  adding  1  ro.  of  FeCli  solutiim. 
boiling  for  a  minute  and  finally  making  acid  wall  1101.  The  formation  of  Pruuian 
blue  show*  the  presence  of  a  cyanide. 

4.  Place  1  g.  of  finely-powdered  aubstunw,  3  cc.  of  water  and  3  cc.  of  concentrated 
H,S(».  m  tha  ftttilHllg  flask  A  of  Fig  28  and  pour  15  cc.  of  water  into  flask  D. 
Distill  until  tin-  liquid  in  .1  becomes  oily  in  appearance  and  the  flank  infilled  with 
while  fiitnr."  I  luring  tin'  liisr  ill. tinn  take  away  the  flame  from  under  the  flaxk  for 
u  i  in  in  tent.,  In  iilli.w  rln-  I  ■  1 1  ■  1 1<  I  iii  1 1  n-  -:iii-l>-tiiln-  In  ii  iii  I  i;u-k  into  the  flunk;  do  this 
twice.  Test  the  distillate  for  chloride  and  fluoride  as  dewnU-d  in  j  fi,  Aftir  tin- 
solution  in  the  distilling  flask  has  cooled  to  room  temperature,  add  to  it  8  oc.  of 
methyl  alcohol  and  mix  by  shaking.  Distill  olT  most  of  the  nleohol,  catching  the 
distillate  in  N  cc.  of  12-uorrnol  HC1  diluted  with  '.i  cc.  of  water.  Examine  this  second 
distillate  by  (  6. 

5.  Bod  the  first  distillate  obtained  by  J  4  for  about  a  minute  and  filter  if  it  is 
turbid.  To  about  one-fourth  r.l  it  add  2  cc.  of  6-nnrm«l  SNOa  and  a  little  AgNO, 
.-mini  inn.  .1  while  precipitate nf  AgCl  shows  the  prrjience  nf  chloride.  To  the  remainder 
of  the  distillate  add  5  cc.  of  C  ■'  I  'lution  and  allow  the  mixture  to  stand  fifteen 
minutes.  A  while  prteipUale  of  ("aF,  shows  the  presence  of  fluoride.  Confirm  by  ihe 
Daniel  test  described  on  page  435. 

6.  Transfer  the  second  distillate  of  i  4  to  a  graduate,  dilute  to  '20  ec.  and  add 
2  drops  of  alcoholic  turmeric  solution  (cf.  p.  77).  An  orange  or  red  color  thout  the 
pretence  of  borate  (cf.  p.  381). 

TABLE  XXIII. -DETECTION'  OF  SULFATE,   FLUORIDE,   BORA 
AND  SILICATE   IN   SUBSTANCES  UNDECOMPOSED    BY    ACIDS 


Fiue  the  subttanct  with  NaiCOt  and  extract  the  melt  with  water,  rejtrling  the  in- 
soluble rcnidue.     Divide  the  solution  into  two  portion*.     (7) 


Take  two-tnirds  of  the  aqueous  extract  and 
tpontt  to  about  See     Add  tit  1,  filter, 

reject  the  precipitate  and  add  HaCIt  In  the 
filtrate.     Fitter.      (8) 


To  the  remainder  of  the  aqueous 
add  HCl  and  evaporate  to  dryneti. 
And  IK'l  to  the  residue,  dilute  and 
filter.     (10) 


extract 

ryusf. 


Precipitate:  A 
white  pre- 
ripitate  of 
BaSO.flhowa 
sulfate, 


|-,llr..lr      Aid     VflCsfflOl 

and  faCt,.  A  white 
precipitate  of  CaFt 
•hows  fluoride.     (9) 


A     k'.'l'.lu.mi- 

precipitate 
of  H.SiO, 
hIiowb  nil  i- 
cate.     (11) 


Tot 


th.  filtrate  for 
twratr  with  alcit- 
hoUc  turmeric  tolu- 
iion.  A  red  or 
orange  color 
shows  borate. 
(12) 


7.  If  the  original  substance  is  not  decomposable  by  treatment  with  mineral  acids 
in  an  open  dish,  or  an  insoluble  residue  is  left  after  such  treatment,  the  above- 
described  teats  for  sulfate,  fluoride  and  Iwrato  are  likely  to  give  negative-  results  even 
when  these  acid  constituents  are  present.  Fuse  1  g.  of  the  original  substance,  or 
the  residue  insoluble  in  acids,  with  0  times  as  much  anhydrous  sodium  carbonate  in 


ANALYSIS  OF  NON-IGNEOU8  COMMERCIAL  PRODUCTS     485 

a  30  ec.  nickel  crucible  over  a  Meker  burner.  Protect  the  content*  of  the  crucible 
from  the  combustion  products  of  the  illuminating  gas  by  keeping  the  crucible  cov- 
erccl  and  by  placing  it  in  u  hole  in  a  sheet  of  asbestos  paper,  fitted  tightly  no  that  the 
asbestos  paper  come*  only  a  little  Ik-Iuw  the  upivr  edge  of  the  crucible.  After  the 
fusion,  cool  the  crucible  and  place  it  in  40-00  cc.  of  water.  Boil  until  Um  fused  mass 
is  disintegrated  and  filter.  Reject  the  insoluble  residue  or  use  it  for  tests  for  basic 
constituents. 

8.  Evaporate  two-thirds  of  the  aqueous  extract  to  al>out  (i  cc.  and  add  6-normal 
HC1,  ten  drops  at  a  time,  until  the  stirred  solution  is  a«id  to  litmus.  Filter  and 
reject  any  precipitate.  Add  1  oo.  of  11C1  to  the  filtrate  arid  a  little  Bud-  Buluum 
A  while  prea/nlal*  of  BitSO,  ifcotM  lAe  jirrjumee  nf  sulfate.  BtBM  illuminating  ga>< 
contains  n  little  sulfur,  sometimes  a  slight  turbidity  is  due  to  this  source.  In  doubt- 
ful cases  a  blank  test  should  be  made  by  fusing  the  same  quantity  of  sodium  carbo- 
nate in  the  nii'kol  <ru<il>lr  «-«t.li.  .ui  -m  y  of  the  autistance  to  be  tested. 

9.  Filter  off  any  barium  sulfate  obtained  in  4  8  and  test  with  more  IiaOli  to 
make  sure  that  the  precipitation  of  sulfate  was  complete.  Add  10  ce.  of  3-normal 
NaCiHiOj  solution  and  10  cc.  of  CaCIi  reagent.  .1  w> •■'■  /•"  ■•■> pilatt  of  CoFi  forming 
itfilhin  IS  minute*  thorn  the  pretence  nf  fluoride.     Confirm  as  in  J  5. 

10.  Moke  the  remainder  of  the  aqueous  extract  obtained  in  $  7  slightly  acid 
with  IK'l  and  test  fur  silicate  ili  desrxilicd  on  page  I  H. 

11.  1'iliir  i>!T  !iny  : -i li.-i <■  :u-iil  ■  >htain<-d  in  J  10  anil  t.wt.  the  liltrati-  with  .".  it.  nf 
12-normal  HOI,  8  cc  of  OjHjOH  and  2  drops  of  alcoholic  turmeric  solution  as  in  |  6. 

Analysis  of  Non-Igneous  Commercial  Products 
TABLE  XXIV. —  PREPARATION  OF  THE  Sol.lTION,  OROl'P  TE8T8 

Boil  2.5  g.  of  the  fine  powder  with  3-normal  Xa,CO,  solution,  filter  and  wash 
the  residue.  Examine  it  for  sulfide  as  in  Table  XXI.  Use  the  solution  for  the 
tests  outlined  below  and  in  Tables  XXV-XXIX. 


AddAoNO„NaNO. 
and  HNOi.  A 
prcc  ipi  t ate 
shows  the  | 
enceofamernber 
of  the  Chi-owkk 
Qaoi  r 

Eiaminc  for 
8—,  CN". 
[FefCN),j~. 

[Fe(CN).| 

scw-.cr,  Br*\ 

I".  ClO-narf 
CIO,"  by  Tables 
XXV.  XXVI 
and  XXVII. 


B 
AddSCtBJ^BaCt, 

andCoCl*    A 
precipitate 

show."  um  prw* 

HIM  di  ""''  or 
more    members 

Of    I  he    SllLHATK 
CiROCP. 
Tc*t     for     ^O,--, 

SO,-~,CrO|--, 
F*  and  C,0,- " 
bvTnblcXXYUl 


A.I.I  U/,(7,., „,i  ill  7 
A  dark  color  of 
MnCh  shows  the 
presence;    of    an 

OXIDIZIM.   Ar  I  III' 

Co.vsTrnrEVT. 
If  i<  ii  not  obtained, 
further  tent«  for 
|Fe(CN),|— , 
CIO".  CIO,", 
CrO,~",NOrond 
NO,      arc  unnec- 
essary. 


D 

Add  I1CI,  PeCl,  and 
K,[Ft{(JN)t\.  The 
formation  of  Prus- 
sian blue  indicates 
I  In'  prc.senee  of  a 
RfCDirci  n  •;  A.  in 
( SoJflllUll  i  •-.  i- 

not    i  ib  t:i  in  I'd 

further  teat*  for 

a      !1'.icn),j— . 

I    .  SO,— and  NO," 
aro  unnecessary. 


PROCEDtTRE 

Gently  boil  2.S  k-  of  the  fioely-|«owdered  substance  wiili  23  cc.  of  3-normal 
Na,CO,  in  a  covered  jwrcclaiu  dish.    Filter  and  wash  the  residue  with  hot  water. 


m 
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and  test  it  for  sulfide  only  by  the  method  outlined  in  Table  XXI.  Dilute  the  aqueous 
extract  to  30  cc.  and  use  portions  of  it  for  tho  teats  A.  B  and  0  below  and  for  further 
teats  according  to  Tables  XXV  XXIX. 

A.  To  I  cc.  <>i  Iba  NltCOi  solution,  add  5  ce.  of  water,  3  drop*  of  cUotklnftof, 
.'{-normal  N'aN'O,  solution,  1  cc.  of  AgNO.  reagent  and  2  cc.  of  6-norrrml  UNO,.  If 
a  precipitate  of  insoluble  silver  salt  in  formed,  txamiM  h  tecOfding  to  Table  XXV. 

B.  Dilute  2  <■<•  of  ili"  NajCOi  solution  with  an  equal  volume  of  water,  add  6-nor- 
nial  HCjUiOj,  ft  drops  at  a  time,  until  the  stirred  solution  is  acid  to  litmua  paper,  and 
add  an  much  more  an. I  in  axOMi,  Filter  if  in  mid  add  1  re  of  B.iClj  reagent 
and  3  cc.  of  CaCli  reagent.  Heat  to  boiling  and  allow  to  stand  10  minutes.  If  n 
precipitate  forms  of  iusnluble  barium  Of  OBsehlTH  Bait,  tori  kBOtbCt  poriii.u  "f  >'"' 
NaCO,  solution  by  the  method  outlined  in  Talilc  XX  VI 1 1. 

C.  To  1  cc.  of  the  NaiCOi  wilution,  add  I  i:r.  of  a  saturated  solution  of  MnCli 
in  r, iiii'i'iitr.'it-'d  lit 'I  and  heat  nearly  to  batting.  A  dark  brown  or  blank  color  of 
MnCli  shows  that  a  nitrate,  nitrite,  chlorate,  hypochlorite,  permanganate,  chro- 
mate  or  fe-rricyanide  is  present.     If  the  test  is  not  obtained,  these  acids  are  absent. 

Z>.  To  1  cc.  of  the  NajCOi  solution  add  3  cc.  of  water,  I  cc.  6-normal  HCI,  'J  drupe 
of  Fe(NOi)i  reagent  and  2  drops  of  Ki|Fe(CN)i)  reagent .  A  blue  or  green  colorut  k  a 
(Prussian  bluel  indicates  the  presence  of  sulfide,  t'.rt  i«\  :n  n<  I.  .  n.«liili*,  sulfite  or 
nitrite.  If  it  fal  not  Obtained  SNOB  Mfd  nm.it  it  uents  are  not  preaent  In  the  NarOOi 
solution. 

In  case  a  positive  indication  wait  obtained  in  C,  test  n  2-cc.  portion  of  the  Xa,(X)i 
solution  fur  nitrate  ami  nitrite  by  Table  XXIX.  In  nil  ra*M  examine  a  3-cc.  por- 
tion of  the  NajCOi  solution  for  borate  according  to  Table  XXIX.  If  nrwnic  was 
found  present  in  the  examination  for  cations,  examine  a  3-rc.  portion  of  the  NajCOi 
solution  for  antenite  and  arsenate  by  Table  XXIX. 

TABLE   XXV.  —  SEPARATION    OF   THE  CHLORIDE  GROUP  INTO 

SUBGROUPS 


To  6  cc.  of  JVmCOi  solution  (Table  XX J  V)  mhl  Pb{ffO,),  ami  filter  ij  n«**- 
MT*,     (1) 


Black  BreetpItaM 

of    PbS    shows 
sulfide. 


Filtrate:  Add  HCiHfix  and  NUNO,),  tolution.     (2) 


F'recipir.ale; 

Ni,IFe<CN),l, 

Ni,[Fe(CN),h. 
Ni(« 
!See  Table  XXVI 


Filtrate:    may  contain    SCN~.   1~.  Br 
Cl-.CIOr-    AiUAg\0,,mJHNO,.     (3) 


Precipitate: 
left  N 


SceTablr 


V  Agl, 
leXXVII. 


Filtrate:  may  eon- 
tain  CIO,-  Add 
NaS'O,.     A  wkttji 

prccipilaU  of  AyCl 
indicate  chlorate  or 
hyiKirhlorilr.     (4) 


1 .    It  AgNO,  produced  a  precipitate  by  the  procedure  given  in  Table  XXIV,  the 

coloi  of  the  precipitate  often  allows  which  member  of  Ihil  group  is  present.     Tim- 
AgjS  is  black,   Agl   is  yellow,   AgBr  is  light  yellow.  Ag.|Pc(CN)J  is  orange, 
Ag(CN>,  Ai-SCX.  and  Aib|Fc{CN)«|  are  white.    The  white  precipitate*  darken, 
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however,  on  exposure  to  light.  To  tart  systematically  for  the  various  members  of 
the  chloride  group,  proceed  ax  follows: 

Add  5  cc.  of  water  and  1  drop  of  normal  Pb(NOi),  solution  to  6  co.  of  the  Na-OO, 
solution.  IJ  a  gray  or  black  precipitate  oj  PbS  is  formed,  etdfiile  in  /rrr/icnt .  A  win  1 1 
precipitate  of  basic  lead  carbonate  shows  that  sulfide  is  absent.  Filter  off  tin  pn- 
cipitatc  and  reject  it. 

2.  Add  6-normal  HCHiOi  to  the  filtrate,  10  drops  at  a  time,  until  the  stirred 
solution  is  acid  to  litmus  and  then  one-third  a*  much  more  of  tho  acid.  Filter  off 
any  precipitate  and  reject  it.  To  the  solution  add  3-10  cc.  of  normal  Ni(NO»)j 
solution  and  allow  the  mixture  to  staud  10  minute*  with  frequent  shaking.  If  a 
precipitate  of  Ni(CN)t,  Ni,[Fe(CN)i]  or  Xi.|Fc(CN),),  forms,  filler  it  off,  nA  it 
thoroughly  with  water  and  examine  it  according  to  Table  XXVI.  If  the  precipitate 
is  so  slimy  that  it  is  hard  to  filter,  add  MEM  filler  paper  pulp,  shake  vigorously  for 
a  minute  or  two,  and  filter  with  gentle  suction. 

3.  To  the  filtrate  from  J  2,  add  2  cc  of  6-normal  IIN'O,  and  some  AgNOi  solu- 
tion. If  a  black  precipitate  forms  of  AgjH,  owing  to  the  addition  of  an  insufficient 
quantity  of  lead  salt,  add  5  cc.  BOM  Ot  B  NQ»  and  boil  gently  for  a  minute  or  two. 

\  while  precipitate  indicates  the  presence  of  n  rhlmide  or  thiocyanate,  a  yellow 
precipitate  indicate*  an  iodide  or  bromide.  Filter  and  examine  the  lilt  rule  by 
Tabic  XXVII  and  the  filtrate  by  the  following  treatment,  in  case  an  oxidizing  con- 
stituent was  found  in  Test  C  of  Table  XXIV. 

4.  Add  a  few  drops  more  of  AgNOi  dilution  And  .i  to  20  drops  of  ehloride-frec, 
3-normal  NaNO>  solution.  A  white  precipitate  of  AgCl  indicates  the  presence  of  a 
chlorate  or  hypochlorite.  .Since  hypochlorite  is  changed  into  chlorate  by  boiling 
with  NatCOi  it  is  necessary  to  test  the  original  sultstancc  for  chlorate  and  hypo* 
chlorite 

Treat  0.5  g.  of  the  original  substance  with  10  ec.  of  cold  water,  shake  and  filter. 
To  onc-hnlf  of  the  filtrate  add  6-nonnal  HCjHiOi,  a  few  drops  at  a  time,  until  tie- 
solution  ia  acid.  Then  add  3  cc,  of  Pb(CIIiOi)i  reagent,  heat  to  boiling  and  allow 
to  stand  5  minutes.  A  brown  precipitate  of  PbOi  shows  that  hypochlorite  i-  present 
(cf.  p.  316).  In  case  a  positive  test  for  hypochlorite  is  obtained,  to  the  other  half 
of  the  aqueous  solution  add  20  cc.  more  of  wster,  5  cc.  of  HN*0>  and  5  cc.  of  normal, 
chloride-free  NnAsOi  solution,  and  5  cc.  of  AgNOj  reagent.  The  sialnim  amenita 
reduces  the  hypochlorite  to  chloride  without  affecting  the  chlorate.  Filtar  off  the 
silver  chloride  and  reduce  any  chloride  in  I  he  filtrate  with  NbNOj  solution.  A 
white  precipitate  of  silver  chloride  now  shows  the  pnwnce  of  chlorate.  It  is  so 
difficult  to  get  reagents  free  from  chloride,  that  often  a  turl>iilin  i«  obtained  here 
when  no  chlorate  is  present.  The  behavior  of  a  chlorate  with  COHOmtnlBd  sulfuric 
acid  is  characteristic  and  -In  mid  always  be  used  as  a  confirmatory  test  for  chlorate 
(cf.  p.  4231. 

6.  Pour  a  10-cc.  portion  of  3-normal  NrLOH  three  times  through  the  precipitate 
of  insoluble  nickel  salt  obtained  according  to  Table  XXV.  To  the  aininoniacal 
solution,  add  2-5  cc.  of  AgXOi  and  normal  Na«SOi  solution,  a  few  drops  at  a  time 
and  nhaking  after  each  addition,  until  any  brown  color  disappears.  If  a  preeipitate 
forms,  examine  it  by  J  6  and  the  remaining  solution  by  J  7. 

6.  A  whtt*  preeipitalt  tif  Agt[Pe(CN),\  rioOT  that  frrracyanidt.  or  ftrriei/anide  vat 
jitrxml  in  the  original  tuhttance.  Trent  the  precipitate  "ii  the  filter  with  1  ee.  of 
6-normaI  IK  I  niixrd  with  tin  equal  volume  of  normal  Fe(NOi)i  solution.  The 
formation  of  Prussian  blue  confirms  the  Inst  conclusion.  To  determine  whether 
ferrocyanidc  or  fcrricyonidc  was  originally  present,  dilute  1  cc.  of  the  original  NatCOj 
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.luiinn  (Table  XXIV)  with  5  cc.  of  water  and  add  1  cc.  of  6-normal  IIN'O,  and  1  cc. 
of  normal  Fe(NO»)i  hoIiiIioii.  The  formation  of  Prussian  blue  utiow/s  the  prrerrux  of 
ferrocyanide.  Filter,  repeatedly  if  necessary,  and  odd  1  eo.  of  FeCl,  solution.  l'h« 
formation  of  Primtian  blue  now  shows  thai  a  fcrricyanidc  woe  present. 


TABUS  XXVI.  —  DETECTION  OF  THE  SEPARATE  CYANIDES 


Treat  the  nickel  precipitate  of  Table  XXV  on  theJUter  with  ^-normal  SH&H. 
To  the  tolulion  thus  obtninrd,  which  may  contain  IXi(NH,).|(OH),,  (NH.),[Fe(CN),|, 
(NH,),[Fo(CN).),  and  \  1 1  .i  V    .id  AgNO,  and  Ar<„SO,.    (5) 


Precipitate: 
Ag«IFB(CN).|. 
A,hi  llfland 
FHNO,),.     A    blue 
residue  of  Pr  unman 
blue     (and     white 
AgCI)  shows  fcrro- 
cyanide    or    fcrri- 
cyanide.     (6) 


Filtrate:     NH«|Ag(CN)il 
NH.NO,. 
Add  If  NO,. 


NiCNO,),,    AgNO,    and 


Precipitate: 
Ag,(CN),.  odd  <NH,),S.     (7) 


Ilea i due:  Ag»S. 
Reject. 


Solution: 

NII.CNS.    Add 

!•■  \<>>)>.  Red 
color  shows  cy- 
anide.   (8) 


Filtrate:  N't**. 

Ag+iv.il  Ml,* 
on  nitrates. 
Reject. 


TABLE  XXVII.  —  DETECTION  OF  THIOCYANATE,  IODIDE,  BROMIDE 

AND  CHLORIDE 

Silver  Precipitate  from  Table  XXV.  5  8:  AgSCN,  Agl,  AgBr,  AgCI.    Treat 
with  SH<OH  and  {jflf&S-     W 


Residue: 
At,S. 


Solution;  mav  contain  SCN  ,  I  ,  Br  and  CI  as  ammonium  salt. 
Add  HSOh  Ft  (NO,),  and  CCI«.  Shake  and  allow  two  layers  to 
form.     (10) 


CCI,  layer: 

Purpfo     color 
shows  iodide- 


Water  layer:  Br-,  CI-.  Fe(SCN),  and  some  I,. 
Iti'd  color  ahowii  thiooyamuo  Roil  off  it/dine, 
cool,  add  KMnOt  and  CC'/,.     (II) 


rr: 


CCI,  layer: 
Brj.    OrniiK'' 
color     shows 
bromide. 


layer:  Boil  off  nil 
of  Br,  add  .Vo.VO,  and 
AgNO,.     (12) 


vr.r: 


Precipitate: 

AgCI  shows 
chloride. 
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7.  To  the  filtrate  from  thci  itwoluble  Ag.|Fe(CN)«|  obtained  in  J  5,  add  UNO, 
iwii  il  the  odor  of  NIL  disappears  and  then  5  oc.  more  of  acid.  The  formation  of  a 
while  precipitate  indicate*  the  presence  of  a  cyaui/le.    Filter  and  reject  this  filtrate. 

8-  Pour  repeatedly  through  the  filter  a  5-cc.  portion  of  |  N'lljh-S  reagent,  evaporate 
the  solution  just  to  dryness  and  add  to  the  reaiduc  2  cc.  of  IIC1  and  2  co.  of  Fo(NOi), 
solution.     A  rod  color  of  feme  thiocyanate  confirms  the  cyanide  teat  (cf.  p.  333). 

9.  Transfer  the  precipitate  of  insoluble  silver  salt  (Table  XXV,  §  3)  to  a  aroall 
porcelain  dish  and  digest  it  with  fi  cc.  of  concent  rated  NH«OH.  Add  iMI,i,S,  10 
,|i,,p  ,i  ;,  iinu',  until  iifi«-r  hentiriK  the  mixture  ncarlj  to  lioiling  and  leuim?  'In 
precipitate  settle,  the  reagent  causes  no  further  pra-ipit  at  ion  of  silver  sulfide  Filter 
and  reject  the  precipitate. 

10.  Evaporate  the  filtrate  until  it  no  longer  smells  of  ammonia,  add  J>  cc.  of 
water  and  filter  off  any  precipitate.  Pour  the  solution  into  a  small  separatory 
funnel,  add  1  cc.  of  ft-nonnul  UNO.,  3-K  cc.  of  normal  Fe(NO>).  solution  and  1  cc.  of 
<"(  I,  Shake  the  mixture  well  ami  allow  it  to  nettle.  .1  pur  pit  color  of  ti\r.  lower 
layer  ihoivs  thai  an  untitle  wan  prtment  (cf.  p.  324).  If  on  iodide  in  absent,  pass  at 
once  to  J  11.  A  red  color  of  the  tw/ucow  layer  shows  preoence  of  thiocyanate  or 
much  iodide. 

TABLE   XXVIU.- DETECTION  OF  SULFATE,  SULFITE,  CIIROMATE. 
FLUORIDE   AND  OXALATE 

To  B  cc.  of  NatCO,  solution  (Table  XXIV)  add  AgNOi  solution  if  sulfide  was 
found  by  i  1  or  thioc\/anale  by  5  10.  Acidify  with  UCl  and  filter  if  necessary.  Add 
BaCl,.    (13) 


Precipitate: 
BoSO.  shows 

sulfate. 


Filtrate:  may  contain  SO,     .  Ct»Ot     ,  F~.Q04     . 
Add  Br,  solution.     (14) 


Precipitate: 
BaSO,  showB 
sulfite. 


Filtrate:  may  contain  CriOi     ,  F~.  CjOr 

Add  .XoC.fUhondCHCI,.     Hi' 


Yellow  precipitate:  BaCrO,. 
White  precipitate:  CaF,  CaC,0,. 


Tett  a  port  of  thr 
precipitate  for  flu- 
oride by  the  Daniel 
trM  on  page  435 
(18) 


DUnolve  a  pari  of  the.  precipi- 
tate ,n  ll.Xd,.  ait  fi.MnO, 
and  distill,  rntchtag  the  va- 
por* m  Ba(OH)t  eolutum. 
A  white  precipitate  of 
BaCOi  shows  oxalate.  (17) 


If  iodide  M  present,  draw  off  the  CCU  layer,  add  3  cc.  of  fresh  CCL.  and  shake. 
Draw  off  the  bottom  liquid  and  repeat  these  operations  until  the  CCU  no  longer 
shows  a  purple  color.  Transfer  the  aqueoun  solution  to  a  porcelain  disli  and  boil 
for  one  minute.  Pour  bark  into  the  neparatory  funnel,  add  1  cc.  of  CCL.  and  shako. 
A  red  color  of  the.  aqiunut  Molulion  ANN  thineyanate. 

11.  Add  to  the  mixture  in  the  separator*-  funnel,  2  cc.  of  (V-norrnai  HNOi  and 
then  0.2-normal  K  MnO,,  2  drops  at  a  time,  until  the  aqueous  layer  show*  the  purple 
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color  of  permanganate-  Shake  and  allow  the  two  liquid*  to  settle.  A  ytQem  «r 
orange  color  in  the  CCl,  layer  ehowa  the  presence  of  hmmulr. 

12.  Transfer  tho  aqueous  solution  to  a  flask,  dilute  to  about  40  M   with  water. 
' ■  aide  or  thiocyanate  hai  bfM  found,  boil  the  mixture  for  5  minutes,  adding 

more  KMnO<  if  the  mixture  loaea  its  purple  color.  Add  3-normal,  chloride-free 
NaMOj  solution  until  the  mixture  is  decolorized  and  any  precipitated  manganese 
dioxide  him  dissolved.  Thru  mid  :t  little  AgN'Oi.  A  white  precipitate  rif  rilrrr  chlari/l? 
sadm-h  the  p  ■'  chlarule. 

13.  If  a  precipitate  was  obtained  in  the  procedure  of  Tabic  XXIV  B,  take  6  cc. 
of  the  original  NlsOOi  solution  (Tabic  X  XIV)  and,  if  sulfide  i>r  thiocyanate  has  been 
found  present  by  {1  or  {10,  add  an  execs*  of  AgNOi  solution.  If  those  acidic 
■  'nil  iituenta  are  not  removed  some  sulfate  will  Ix?  formed  in  j>  14  when  bromine  is 
ndded.  Filter  uud  make  the  filtrate  slightly  acid  by  adding  HC1,  10  drops  at  • 
tmi>\  Filter  off  and  reject  any  precipitate  of  silver  chloride  Add  1  ec.  more  of 
l!(  I  and  5  ec.  of  BaCI,  solution.     A  while  precipitate  of  BaSO,  theuM  tulfate. 

1  I.  Kilter  off  any  BoSO«  and  add  saturated  bromine  water,  1  cc.  nt  a  time,  until 
I  he  liquid  lifter  shaking  smells  of  it,     Heal  nearly  to  boiling.     .4  while  precipitate,  of 

BaSO,  fihnw*  nulfitr.      Filter  off  the  [>r.-.i] .itnte. 

16.  To  the  filtrate  add  10  cc.  of  3-normal  NaCjIIjOi  solution  and  10  cc.  of  normal 
CaCla  solution.  A  yellow  precipitate  shown  ehromate.  A  white  precipitate  may 
Is?  fluoride  or  oxalate.  .Shake  well  and  pour  one-half  of  the  mixture  through  each  of 
i no  filters,  rejecting  the  filtrates.     Wash  tho  precipitates  well  with  water. 

16.  Treat  one  portion  of  the  preoipitate  as  outlined  on  page  436  to  determine 
whether  fluoride  is  present. 

TABLE   XXIX.  —  DETECTION    OF    NITRATE.    NITRITE,    BORATE, 
ARSENATE  AND  ARSENITF. 

Use  the  Bodium  carbonate  solution  obtained  according  to  Table  XXIV  for 
these  tests. 


//  oxidizing  acidic 
constituent  wot 
Jnunil  m:mrding 
to  Tnhl, 
XXIV,  C,  boil 
2ec.oflh< 
linn 
HtOBrndAl. 

Test  the.  vapor.' 

KtHgl,.    A 

red  precipi- 
tate of 

HgOHgXH.l 
•hows  nitrite 
or  nitrate. 
(18) 


IfaltAtfor,  Jtln  r 
nitrite  or  ni- 
trate. WO 

Vuneil.  ailil 

lie. 11,0  and 

II,. 

Evolution  of 
Ni  and  for- 
mation of  n 
ml  Fe(BCN)i 
an  iddlog 

FeOli  shows 
nitrite.     (19) 


Add  IK  7. 

Ctf&li    and 

turmeric  xtilu- 

turn. 
An  orange  color 

shows  oorate. 

(20) 


Add  UNO,,  XH.OII  and 
MgiNO,),.     (21) 


Preoipitate: 

MuNH.AbO,. 

solution.     A 
red  residue  of 
AgiAsO< 

them  um- 
nate.    (22) 


Filtrate: 

mav  contain 

A»Or.    In 

Irodurr  H»S. 
A  yellow  pre- 
cipitate or 
AsiSi  shows 
arscnite.  (23) 


17.   Treat  the  other  portion  tate  to  determine  the  presence  of  oxa- 

late as  follows:  Pour  a  5-cc.  portion  of  hot,  6-nonnal  IINOi  several  times  through 
the  filter  and  transfer  the  solution  to  the  flask  A  of  Fig.  28.    Add  5  cc.  of  0.2-normal 
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KMnO,  which  has  been  previously  made  acid  with  HNOi  and  heated  to  boiling. 
Roil  the  content*  of  the  ftask  for  2  or  3  minutes  and  catch  the  distillate  in  25  cc.  of 
Ba(OHj)  solution.     A  white  precipitate  of  BaCO.  shows  oxalate  (cf.  p.  384). 

18.  If  a  positive  teat  with  MnCI,  reagent  was  obtained,  leal  fur  nil  rate  nr  mi  nt. 
to  sec  if  amnion  m  ran  !«•  formed  by  reduction  with  aluminium  in  alkaline  solution. 
If  the  original  substance  contains  ammonium,  boil  2  cc.  of  the  jodium  carbonate 
solution,  obtained  as  outlined  in  Tabic  XXIV.  with  10  cc.  of  water  and  3  cc.  of 
6-uormaI  sodium  hydroxide  until  the.  volume  of  liquid  has  been  reduced  one-third. 
I  f  no  ammonium  salt  is  present  in  the  original  substance,  this  boiling  is  unnecessary 
unless  the  sodium  carbonate  solution  has  stood  for  some  time  in  the  laboratory.  To 
tin*  cold  alkaline  solution  containing  NojCOt  aud  NaOH,  add  about  0.5  g.  of  alu- 
minium turnings  and  heat  gently  so  as  to  keep  up  &  brisk  evolution  of  hydrogen. 
Hold  in  the  vapors  n  glass  rod  wet  with  Nessler  solution.  An  orange  or  rat  precipi- 
tate on  the  rod  ihowt  the  presence  of  nitrate  or  nitrite. 

To  estimate  the  quantity  of  nitrate  or  nitrite  carry  out  the  test  so  that  the  escap- 
ing vapors  pass  into  a  test  tube  containing  ft  cc.  of  cold  water,  which  is  kept  cool  by 
placing  it  in  a  beaker  of  water.  To  the  distillate  add  Nesslcr  solution  until  no  more 
precipitate  is  formed  and  compare  I  In*  quantity  <->f  precipitate  with  that  produced 
in  solutions  ci(  ammonium  chlurid ntaining  a  known  qtiaiility  of  the  salt. 

19.  If  a  positive  test  was  obtained  in  IS,  take  another  1  -cc.  portion  of  the  original 
NaiCOi  solution  and  add  gradually  1  cc.  of  0-nnrmid  acetic  ncid.    (If  thiocyanatc  or 

mill. I,'     Iimi,     Im'i-ii     f I     pi  ■■    in!  .     ili.il.i-     1     II-       nl     I  In-    :  imIiiioi     r:  I !  1  m  IK. 1 1  ■    -nil  1 1  l.  in     Willi 

about  0.6  g.  of  solid  AgjCOi  and  filter.)  Add  1  cc.  of  6-normol  acetic  acid  ami  an 
equal  volume  of  a  10  per  cent  solution  of  thiourea.  Let  the  mixture  stand  5  min- 
utes, The  formation  of  gas  bubble*  indicate*  a  nitrite.  Add  1  cc.  of  HC1  and  1  cc.  of 
Fe(NOi)i  solution.  A  retl  color  proves  thai  nitrite  is  present.  If  no  red  color  is 
obtained,  a  nitrate  is  present.  (In  this  scheme  of  analysis  no  provision  is  made  for 
detecting  a  nitrate  in  the  presence  of  a  nitrite.    Cf.  p.  121.) 

20.  To  just  3  cc.  of  the  original  sodium  carbonate  solution,  add  just  8  cc.  of 
12-normal  HO  in  small  portions.  Add  8  cc-  of  ethyl  alcohol,  allow  the  sodium 
chloride  to  settle  out  and  decant  the  solution  into  another  test  tube.  Add  from  a 
dropper,  just  two  drops  of  turmeric  dissolved  in  ethyl  alcohol  and  allow  the  mixture 
to  stand  10  minutes.  .  1  n  nrantje  nr  rrrf  cnUir  shown  Ike  pretence  of  borate.  Compare 
the  color  with  that  obtained  with  a  known  quantity  of  sodium  borate. 

Chlorate,  nitrate,  nitrite  and  chromate  affect  the  ."lor  of  turmeric  and  when 
iodide  is  present  then1  is  toinehines  trouble  caused  by  the  lilierntion  of  iodine  during 
this  test.  In  ease  any  of  these  interfering  cnir-tiincnts  are  present,  evaporate  3  cc. 
of  the  sodium  carbonate)  solution  to  dryness,  add  carefully  2  cc  of  12-normal  HC1 
and  again  evaporate  to  dryneas.  To  the  residue  add  1  cc.  of  3-normal  NarOOa 
solution  and  2  cc.  of  water,  heat  to  boiling  and  filter  if  necessary.  Then  apply  the 
borate  test  as  described  above.  During  this  treatment  a  part  of  the  boric  acid  will 
be  lost  by  volatilisation. 

21.  In  case  arsenic  was  found  present  in  the  examination  for  cation*,  dilute 
5  ec.  of  the  NaiCOa  solution  with  twice  us  much  water  and  add  HNOa,  1  cc.  at  a 
i  "or,  uutd  an  acid  reaction  i-  ubtained.  Then  add  6-nortnal  NH«OH  a  few  drops 
at  a  time  until  the  stirred  nurture  turns  red- htm  us  blue,  avoiding  an  excess.  Kilter 
if  nccmuuy  and  add  10  e.c.  of  MglXO.Ij  reagent.  Let  the  mixture  stand  10  minutes 
with  frequent  shaking  Filter  and  wash  any  precipitate  with  normal  NII4OII.  A 
white  prfdjiiuit'-  »f  \ft,\fltAtOt  thows  the  presence  of  arsenate  or  phosphate.  Teat 
the  filtrate  with  hydrogen  sulfide  to  see  if  it  contains  any  arsenic  in  the  trivalent 
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condition.  An  immediate  precipitation  of  yellow  AsjSi  shows  the  presence  of 
areenite. 

Pour  on  to  the  filter  containing  the  insoluble  magnesium  salt  a  1-cc.  portion  of 
AgNOi  solution  to  which  a  few  drops  of  acetic  acid  have  been  added.  A  dark  red 
residue  shows  the  presence  of  arsenate.  In  case  the  residue  is  yellow  and  there  is 
doubt  whether  any  arsenate  is  present,  pour  a  5-oc.  portion  of  6-normal  HC1  through 
the  filter  a  number  of  times  and  add  1  cc.  of  KI  solution  and  1  cc.  of  CCL..  Shake 
and  if  the  carbon  tetrachloride  becomes  purple,  an  arsenate  is  present.     (Cf .  p.  244.) 

In  case  a  precipitate  of  doubtful  color  was  obtained  in  the  As»3«  test,  examine 
the  precipitate  for  arsenic  as  outlined  in  Table  XI,  p.  202. 

Detection  of  Carbonate  and  Sulfide  in  the  Original  Substance.  Test  as  de- 
scribed under  Table  XX,  5  3. 

B.    THE  SUBSTANCE  IS  A  METAL  OR  AN  ALLOY 

The  analysis  of  a  metallic  alloy  is  much  simpler  than  that  of  a  mixture  of  salts, 
because  there  are  no  acids  to  test  for.  Of  the  electro-negative  elements,  usually 
only  phosphorus,  silicon,  carbon,  and  sulfur  have  to  be  considered. 

As  all  common  metals,  with  the  exception  of  gold,  platinum,  tin,  and  antimony,  are 
soluble  in  nitric  acid,  alloys  are  usually  brought  into  solution  by  dissolving  therein, 
and  the  use  of  aqua  regia  is  only  necessary  in  a  few  cases.  Many  alloys  rich  in 
silicon  (e.g.,  copper  silicide)  are  extremely  difficultly  soluble  even  in  aqua  regia,  and 
are  best  brought  into  solution  by  fusing  with  caustic  alkali  in  a  silver  crucible,  and 
afterwards  dissolving  the  melt  in  nitric  acid. 

It  is  not  advisable  to  dissolve  an  alloy  in  hydrochloric  acid,  for  phosphides, 
carbides,  silicides,  sulfides,  and  arsenides,  which  are  often  present  in  small  amounts, 
are  decomposed  by  this  acid  in  such  a  way  that  the  negative  elements  are  evolved 
as  hydrogen  compounds,  and  thus  escape  detection.  For  the  analysis  of  ordinary 
alloys,  the  following  procedure  is  used: 

Place  1  or  2  gms.  of  the  alloy  (best  in  the  form  of  borings)  in  a  200-cc.  porcelain 
dish  and  treat  them  under  a  good  hood  with  about  20  cc.  of  nitric  acid,  sp.  gr.  1.25- 
1.30  (1  vol.  cone.  HNOj  +  1  vol.  HsO).  After  the  first  violent  reaction  is  over, 
carefully  evaporate  (with  constant  stirring)  almost  to  dryness,  being  careful  to 
avoid  overheating;  *  add  a  little  water  and  heat. 

(a)  The  mass  dissolves  completely.  The  alloy  contains  neither  tin  nor  anti- 
mony; analyze  it  according  to  Table  XXX. 

(6)  The  mass  docs  not  dissolve  completely,  but  a  white,  greenish  residue  remains; 
analyze  according  to  Tabic  XXXI. 

C.     THE  SUBSTANCE   IS  A  LIQUID 

The  color,  odor,  and  reaction  towards  litmus  enable  one  to  draw  important 
conclusions. 

(a)  The  solution  reacts  neutral;  it  contains  no  free  acid,  free  base,  acid  salt,  no 
salt  which  shows  an  acid  or  alkaline  reaction  on  account  of  hydrolysis,  nor  any 
insoluble  salt. 


•  Otherwise  insoluble  basic  6alts  are  likely  to  be  formed.  If  this  be  the  case, 
as  is  often  shown  by  the  dark  color  of  the  residue,  add  a  little  cone.  HNOj,  heat  the 
liquid  somewhat  and  then  dilute  with  water. 
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First  of  nil,  determine  whether  there  are  any  solid  substances  dissolved  in  the 
liquid  by  eva|iornting  :i  small  portion  to  dryness  at  m  low  a  temperature  an  possible 
(so  as  not  to  lose  any  volatile  substances).  If  a  residue  remains,  examine  it  accord- 
ing to  A,  p.  450. 

(6)  The  solution  react*  alkaline.  An  alkaline  reaction  may  be  due  to  the  prea- 
■  j  u  ■  "I  hydroxides  of  the  alkalies  or  alkaline  earths,  peroxide*,  carbonate*,  borate*, 
cyanidoa,  silicates,  sulfides  (sineates,  aluminates,  molybdates,  Umgstates)  of  the 
alkalies,  aa  well  us  by  ammouiu  or  hypochlorites,  etc. 

If  the  solution,  for  example,  contains  hydroxide*  or  carbonatca  of  the  alkalies, 
it  ia  evident  that  substances  which  are  precipitated  by  them  cannot  !*•  present  at 
the  same  time,  except,  in  some  enacts  in  the  form  of  complex  ious  (cyanide*,  tar- 
trates, ete.) 

At  once  test  the  solution  for  peroxides,  hydroxides,  and  carlxjnates,  as  well  as 
for  the  sulfides  of  the  alkalies, 

To  test  for  peroxides  *  (11,0,)  heat  a  little  of  the  solution  with  a  few  drops  of 
cobalt  nitrate  solution;  a  black  precipitate  shows  the  presence  of  IliOi.t  Or  test 
the  solution  by  adding  some  titanium  sulfate  solution  and  acidifying  carefully  with 
cold  dilute  sulfuric  acid;  a  yellow  coloration  shows  the  presence  of  HjOj.J 

A  still  more  sensitive  reagent,  according  to  Schone,  (  is  a  very  dilute  solution  of 
Fed,  +  Ki[Fe(CN).].  If  the  slightest  trace  of  11,0,  is  present  in  the  solution,  the 
p-il  .solution  becomes  greenish,  and  after  n  time  Prussian  blue  sepa.ru  ti     MM 

In  order  to  detect  the  presence  of  hydroxides  and  carbonates  in  the  presence  of 
IltOi,  boil  a  portion  of  the  solution  for  a  long  time  in  a  porcelain  dish  in  order  to 
destroy  the  peroxide,  and  then  add  barium  chloride  until  no  more  precipitin  ta 
formed.  If  the  solution  now  shows  an  alkaline  reaction,  the  presence  of  hydroxides  || 
is  assured.  I!  the  precipitate  produced  by  barium  chloride  dissolves  in  acid  v.illi 
effervescence,  and  the  pis  evolved  renders  barium  hydroxide  solution  turbid,  car- 
bonates are  present.  If  the  solution  smells  of  ammonia,  evaporate  a  small  portion 
to  dryness  in  order  to  sec  whether  other  compounds  are  present,  and  examine  the 
residue  according  to  A,  p.  4fi0. 


•  8ee  p.  456. 

t  If  the  alkaline  solution  contains  hypochlorites  or  sulfides,  HMN  "ill  also  give 
a  black  precipitate  with  cobalt  nitrate;  the  above  reaction  serves  only  to  detect 
HjOj  in  tin-  .'iliNcncc  i  if  hypochlorite*  or  sulfide*.  If  these  last  substances  arc  present, 
FLO,  is  absent,  because  hypochlorites  are  reduced  to  chlorides  and  sulfides  oxidised 
to  sulfates  by  Hj(>,. 

The  presence  of  hypochlorites  is  usually  detected  by  the  odor;  on  acidifying 
with  dilute  II  Si  i,,  the  odor  uf  eblorinc  ctm  be  detected.  Sulfides  give  off  H|3  on 
being  acidified.  Hypochloritca  and  sulfides  cannot  exist  together  in  the  same 
solution. 

|  HjO,  can  also  be  detected  by  the  chromic  acid  reaction,  but  this  teat  ia  Ices 
certain  than  that  with  titanium  sulfate. 

{  Ber.,  7,  1605. 

||  Either  its  such  iu  the  original  solution  or  by  hydrolysis  of  peroxides.  Thia 
test  for  Oil"  ions  in  the  presence  of  carbonates  baa  l>een  used  for  yearn  by  the  author. 
It  ia  reliable,  though  care  must  be  taken  to  add  an  excess  of  RaCli,  a* otherwise  an 
alkaline  reaction  may  be  due  to  BaCO,,  which  ia  more  soluble  in  water  than  in 
BaCl*  solution. 
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(c)  The  solution  reacts  acid;  it  can  then  contain  substances  which  are  soluble 
in  water  and  in  acids,  as  well  as  free  acids.  Evaporate  a  small  portion  to  dryness 
in  order  to  see  whether  any  non-volatile  matter  is  present.  If  no  residue  is  obtained, 
neutralise  the  solution  with  soda  and  test  for  acids.  If  a  residue  is  obtained,  ex- 
amine it  according  to  A,  p.  450. 

D.   The  substance  to  be  analyzed  is  a  gas. 

This  case  is  discussed  in  Volume  II  under  Gas  Analysis. 
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PART  V.  — REACTIONS  OF  SOME  OF  THE 
RARER  METALS 

In  the  treatment  of  the  rare  metals,  the  same  method  and  order 
will  be  used  as  with  common  metals. 

THE  ALKALI   GROUP 

CESIUM,  RUBIDIUM,  LITHIUM 

CESIUM,  Cs.    At.  Wt.  132.81.     M.  Pt.  =  26° 

Occurrence.  —  Cesium  and  rubidium  are  not  rare  elements,  strictly 
speaking,  for  they  are  found  almost  everywhere,  but  always  only 
in  very  small  amounts.  Thus  cesium  replaces  potassium  iu  many 
feldspars  and  micas,  and  is  found  in  many  rocks  which  carry  these 
minerals,  as  well  as  in  mineral  waters  which  ooze  from  them.  Cesium 
and  rubidium  were  discovered  in  the  mother  liquor  of  Durkhcimer 
brine  in  the  year  1860  by  Bunsen  and  Kirchhoff  by  means  of  the  spec- 
troscope. 

Pollucite,  a  mineral  closely  related  to  leucite,  found  at  Elba  and 
crystallizing  in  the  regular  system,  is  a  typical  cesium  mineral.  Its 
composition  is  HjCaiAhCSiOj),,. 

Cesium  and  rubidium  in  all  their  reactions  behave  almost  exactly 
like  potassium.  The  principal  difference  between  these  three  metals 
lies  in  the  different  solubilities  of  their  corresponding  salts,  aa  will  be 
seen  by  the  table  given  on  p.  501.  The  metals  themselves  are  silver 
white  and  resemble  potassium.     The  salts  also  color  the  flame  violet. 

Reactions  in  the  Wet  Way 

A  solution  of  cesium  chloride  should  be  used. 

1.  Hj(PtCld]  produces  a  yellow,  crystalline  precipitate  which  is 
of  a  lighter  color  than  the  corresponding  potassium  salt  and  is  much 
less  soluble;  100  parts  of  water  dissolve  at  0'  C.  only  0.024  part,  and  at 
100°  C.  0.377  part  of  the  salt. 

2.  Tartaric  Acid  produces,  as  with  potassium  and  rubidium,  a 
white,  crystalline  precipitate,  CsHC4H(Oe;  100  parts  of  water  dis- 
solve at  25°  C.  9.7  parts,  and  at  100°  97.1  parts  of  the  salt. 

3.  Hi[SnCU]  (a  solution  of  SnCU  in  concentrated  HC'li  produces 
in  concentrated  solutions  a  white,  crystalline  precipitate  of  cesium 
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i  I  Jorost annate,  Csj[SnCL;]  (octahedrons).     Ammonium  aalta  give  the 
same  reaction,  but  potassium  un.l  rubidium  salts  do  not. 

4.  HjSbCLi,  a  solution  of  antimony  trichloride  in  concentrated 
hydrochloric  acid,  precipitates  white  cesium  chlorantimonite. 

3  Cs+  +  Sb(  V  "  —  Cs.,[SbCU 

5.  Bi(NOj)j  and  NaNOi  precipitate  a  yellow  double  nitrite, 
5  Bi^^  +  9Cb* -»- 6  Na+ +  30  NO»--*5Bi(NO,)«'9CaNOl-6  NaNO,. 

Reactions  in  the.  Dry  Way 

Cesium  compounds  color  the  flame  reddish  violet,  very  similar  to 
the  potassium  flame. 

Flame  Spectrum.  — An  intensely  Wine  double  line,  456.6mm.  459.3^. 
At  higher  temperatures  a  number  of  paler  lines  appear  of  subordinate 
importance;  in  the  red  (>97.3mm  and  072.3mm,  in  the  orange  yellow 
021  ,3mm  and  001mm.  in  the  yellow  584.5mm.  in  the  green  5G6.4mm.  503.5mm. 
550.3mm.  547.1mm,  541.9mm,  and  535.1mm-  Moreover,  a  faint  continu- 
ous spectrum  is  seen  from  the  yellow  to  the  blue.     See  chart. 

Rubidium,  Rb.    At.  wt.  86.45.    M.  Pt.  =  38° 

Occurrence.  —  Rubidium  almost  always  accompanies  cesium  and  is 
found  in  many  mineral  waters;  in  carnallite  from  Stassfurt;  in  lepido- 
lite,  (Li,K,Na)*Ali(K,OH)«SiaO,;  in  triphylite,  (FeMn)(LiCsRb)PO,; 
and  in  spodumene,  (LiNa)Al(SiOj)j  a  mineral  of  the  pyroxene  group. 
Lcpidolite  from  Rozena  contains  about  0.54  per  cent  Rb  and  0.0014 
per  cent  Cs.  As  far  as  the  author  knows,  there  is  no  typical  rubidii 
mineral.     Rubidium  salt  has  been  found  in  beet-root  molasses. 

Reactions  in  the  Wet  Way 

1.  H:[PtCLi]  produces,  as  with  cesium  and  potassium  salts,  a 
white,  crystalline  precipitate  of  Rbi{PtCU],  which  is  more  difficultly 
soluble  than  the  corresponding  potassium  salt,  but  more  soluble  thar 
the  cesium  salt;  100  parts  of  water  dissolve  at  0°  C.  0.134  part,  and 
at  100°  0.034  part  of  the  salt. 

2.  Hj[SnCU]  produces  a  white  precipitate  only  in  very  concen- 
trated solutions.  The  sab  is  much  more  soluble  than  the  correspond- 
ing cesium  salt,  but  this  reaction  is  not  suitable  for  separating  the  t^ 
metals.4 


"  Stolba,  Z.  anal.  Chem.,  12,  440,  recommends  thin  miction  for  (eparaling  ru- 
liiclium  and  cceium  but  Godeffrot,  Brr.,  7,  376,  and  Co*»a,  2.  anal.  Chem.,  17,  380, 
obtained  better  rcaulU  with  the  cbJoraiitimonite  reaction. 
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3.  Tartaric  Acid  produces  a  precipitate  of  RbHC«HiO«  only  in 
concentrated  solutions;  -100  parts  of  water  dissolve  at  25°  C  1.18 
parts,  and  at  KM)"  C.  94.1  parts  of  t  he  salt..  The  corresponding  cesium 
salt  is  more  soluble,  while  that  of  potassium  is  less  soluble. 

4.  Bii  NO.,).,  and  NaNO-  precipitate  a  yellow  double  salt. 

Bi^  +  2  Rb+  +  6  NOT  +  Na+  —  Bi(NO»)i  •  2  RbNO,  •  NaWO,. 

Reactions  in  the  Dry  Way 

Flame  Coloration.  —  Similar  to  cesium. 

Flame  Spectrum.  —  Violet  double  lines  420.2mm  ami  421.6mm,  also 
the  red  double  line  781.1mm  and  795.0mm-  At  higher  temperatures  a 
continuous  spectrum  is  visible  from  the  yellow  to  the  blue  in  which 
the  following  lines  are  to  be  found  in  addition  to  those  given  above: 
in  the  orange-yellow  629.8mm,  626.1mm.  620.6mm,  617.7mm;  in  the  yellow- 
green  572.4mm,  570.0mm,  564.8mm,  and  of  subordinate  importance  the 
green  lines  M8>6wf)  53G.5mMi  and  516.8mm- 

Separation  of  Potassium  and  Rubidium  from  Ceaium 
Method  of  Stolba 

To  the  concentrated  solution  of  alkali  Halts,  add  a  solution  of  antimony  trichlo- 
ride in  concentrated  hydrochloric  ucid  which  causes  the  prompt  prrripiiuTiuri  of 
cesium  chlomntinionilv.  Filler  mid  wiuih  with  ntrung  hydrochloric  acid,  using  s 
hndMBd  filter  paper. 

LITHIUM,  Li.     At.  Wt.  6.94.     M.  Pt.  =  186° 

Occurrence.  —  Lithium  is  found  to  a  greater  extent  in  nature  than 
cesium  and  rubidium;  in  triphylitc,  (Fe,Mn)(LirC8,Rb)PO«;  in 
petalite,  AKU.Na.HJSUOw,  a  mineral  of  the  feldspar  group  (also 
called  castorite);  in  amblygonite,  Li(AlF)PO«,  monoclinic;  in  lepido- 
lite,  Alt(Li,K,Na)ifF,OH)iSuO»;  in  many  varieties  of  tourmaline, 
and  muscovite,  in  epidote  and  orthoeluse,  and  consequently  in  many 
mineral-spring  waters.  In  some  coses  as  much  as  36  nigs.  Li  are  con- 
tained in  a  liter  of  spring  water. 

Lithium  is  the  lightest  of  all  metals,  and  floats  on  petroleum.  It 
oxidizes  quickly  in  the  air,  and  decomposes  water  at  ordinary  tem- 
peratures, forming  LiOH,  which  dissolves  slowly  in  the  water;  the 
solution  reacts  alkaline  and  absorbs  carbon  dioxide  from  the  air  with 
avidity,  forming  difficultly  soluble  LiiCOj. 

Lithium  chloride  is  soluble,  even  in  the  unliviirous  state,  in  a  mix- 
ture of  alcohol  and  ether  as  well  as  in  amyl  alcohol  (difference  from 
the  remaining  metals  of  this  group). 
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Heart  inns  in    the   Wet    Way 

A  solution  of  lithium  chloride  should  be  used. 

1.  Hj[PtCL|  P"i  ii<>  precipitation. 

2.  Tartaric  Acid  produces  no  precipitation. 

3.  NaiHPOj  produces  from  boiling,  moderately-concentrated  solu- 
tions a  white  precipitate  of  tertiary  lithium  phosphate.  The  pre- 
cipitation is  only  quantitative  when  the  solution  is  made  alkaline 
with  caustic  soda,  evaporated  to  dryness,  and  taken  up  in  water  con- 
taining ammonia: 

HPOr  "  +  3  Lif  +  OH"  —  Li,PO,  +  HjO. 

Lithium  phosphate  is  fusible  (difference  from  magnesium  and  the 
alkaline  earths). 

4.  (NHi)2COj.  If  ammonium  carbonate  and  ammonia  are  added 
to  a  concentrated  lithium  solution,  lithium  carbonate  is  precipitated 
in  the  form  of  a  white  powder.  The  salt,  contrary  to  the  other  alkali 
carbonates,  is  very  difficultly  soluble  in  water:  100  parts  of  water 
dissolve  at  13°  C.  1.31  parts  of  1.1,00,.  In  the  presence  of  consider- 
able alkali  chloride  or  of  ammonium  chloride,  no  precipitation  takes 
place. 

5.  Ammonium  Fluoride  in  aminoniaeal  solution  slowly  precipitates 
white,  gelatinous  lithium  fluoride: 

2Li+-f-F,~"-»LijF,. 

One  gram  of  the  precipitate  requires  3">00  cc.  of  water  to  dissolve  it :  the 
same  quantity  of  sodium  fluoride  requires  only  70  cc.  of  water  and 
the  other  alkali  fluorides  an  tatm  BOttlble.  ( 'urnot,*  therefore,  uses 
the  reaction  for  the  separation  of  lithium  from  the  other  alkalies. 
The  reagent  should  be  pure  and  free  from  ammonium  fluosilicate. 

To  tent  for  muni!  quantitin  of  lithium  iurio,  evaporate  the  nolution  with  hydro- 
fluoric acid  on  the  water  bath  in  »  platinum  dtfl  «u«l  treat  the  residue  with  a  little 
dilute  ammonia. 

Reactions  in  the  Dry  Way 

Flame  Coloration.  —  Pun;  lithium  salts  impart  a  magnificent,  car- 
mine-rod coloration  to  the  gas-Same.  If  considerable  amounts  of 
sodium  salts  arc  present,  the  lithium  flame  is  completely  masked;  but 
if  the  flame  is  observed  through  cobalt  glass  the  red  color  becomes 
distinctly  visible. 

Flame  Sprctrum.  —  An  Intensely  red  line  670.3mm  and  at  higher 
temperatures  the  pale  orange-yellow  line  610.3«i- 
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Lmni'M. 

Sodii-m. 

PtlHWII'V 

RciIDIUU. 

CWw. 

Atomic  Wf.m.ut 

6.04 

23  00 

39.10 

86  ■(.•> 

132.81 

180° 

95.  ft0 

62.fi' 

38  5° 

26-27* 

X;|l'tC!,l: 

Solubilitv  in  alcohol 

soluble 

soluble 

insoluble 

insoluble 

insoluble 

100  parti 

dissolve  :il   -11 

considerable 

considerable 

1   12 

0  111 

0.079 

at  100"  . . . 

considerable 

considerable 

f.U 

0  634 

0.377 

XHC.ILO.: 

100    purls     water  i 
diseolve  at  10*. . . .  I 

eonildartbli 

considerable 

0.425 

— 

— 

at  25°  .... 

— 

— 

— 

1.18 

9.7 

Alums: 

100    parts    water  i 
dissolve  at  17°        I 

13.5 

227 

0.619 

Solubility  in  alco-  I 
hol-cther                     1 

soluble 

insoluble 

insoluble 

imoluidi 

insoluble 

Caiwon  vnta  : 

Solubilitv  in  abeo-  i 
lute  alcohol            1 

insoluble 

insoluble 

insoluble 

insoluble 

soluble 

DETECTlOy  OF  UrillVM,   RVBIMVM,   ASD   CESIUM 

In  the  Presence  op  Considerable  Sodium  amp  Potassium 

Evaporate  the  solution  containing  the  metals  as  chkwiili'.-  almost  to  dryness, 
triturate  tin-  re-idue  with  90  per  cent  idoilm!  and  filter.  The  alcoholic  solution 
contains  all  of  the  Ij,  Rl>,  and  Ca,  with  mindl  amounts  of  K  and  Niv  Evaporate 
again  nearly  to  dryness  and  once  more  extract,  with  ftjaoflfl]  and  filter.  If  only 
traces  of  the  rare  alkalies  are  present,  the  residue  mu.<t  1-e  extracted  several  times 
with  idciilml. 

Evaporate  the  alcoholic  extract  to  dryiMH  and  treat  the  residue  with  concen- 
trated hydrochloric  acid.  This  is  done  in  order  to  change  LiOH  into  LiCI.  Some 
"f  lha  former  io  formed  hy  evaporating  the  solution,  and  it  is  insoluble  in  atcnhnl- 
•  Mi ■  i.  Evaporate  once  more,  gently  ignite  the  residue  over  the  ErM  H.inn-,  and, 
sfter  cooling,  triturate  the  residue  with  ethor-aleohnl  mivture,  using  a  glass  rod.  and 
filter  through  u  filter  that  is  wet  with  the  ether-alcohol  mixture.  The  filtrate  con- 
tahM  the  lithium.  Evaporate  it  to  dryness  and  teat  for  lithium  by  means  of  the 
llnme  reaction  or  In  the  spectroscop'. 

Diseolve  the  residue  htoluble  in  nlcohnl-cthcr  in  a  little  water,  treat  with  chloro* 
platmic  acid  and  filter.  Extract  the  precipitate  repeatedly  with  small  portions  of 
Doffing  water,  decanting  ofT  the  liquid  each  time  through  the  filler. 

The  potMhltn  I  liloToplatinate  dissolves  in  the  hot  water,  forming  a  yellow  solu- 
tion. Continue  the  treatment  with  hot  water  until  the  residue  is  of  a  light-yll.ev 
inliir.  Dry,  place  in  a  porccbiiti  Im»:i1  ntnl  heat  in  n  ghx«  till*-,  m:nli  of  difficultly 
••  glass,  in  a  stream  of  dry  hydrogen:  b  this  way  the  alkali  chloropl.-uinate* 
are  reduced  to  chloride  and  platinum; 

x  ji'tn.i  +  a  h.  -  i  Ha  t  +  2 xa  +  Pt. 
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After  cooling,  treat  the  residue  with  a  little  water,  filter  off  the  platinum,  evapo- 
rate the  solution  to  dryness  and  test  in  the  spectroscope  for  Cs  and  Rb. 

In  order  to  detect  lithium,  cesium,  and  rubidium  in  a  silicate  undecomposable 
by  acids  (lepidolite,  for  example)  decompose  the  finely  powdered  mineral  with  hydro- 
fluoric and  sulfuric  acids  as  described  on  p.  446,  change  the  sulfates  to  chlorides  by 
the  addition  of  barium  chloride,  and  free  the  solution  from  other  metals  by  treatment 
with  barium  hydroxide  as  described  on  p.  102,  1 3,  and  then  carry  out  the  above 
separation. 

ALKALINE   EARTH   METAL 

Radium,  Ra.     At  Wt.  226.0 

Radium,  in  its  reactions,  is  very  much  like  barium.  Inasmuch  as 
its  importance  is  due  to  its  physical  properties  and  physical  methods 
serve  to  detect  very  small  quantities,  the  identification  of  this  element 
is  the  work  of  the  physicist  rather  than  the  chemist. 


METALS  OF  THE   <NH,1,S  GROUP 

BERYLLIUM,  ZIRCONIUM,  THORIUM,  YTTRIUM.  ERBIUM,  CERIUM, 
LANTHANUM,   DIDYMIUM,  TANTALUM,   NIOBIUM 

BERYLLIUM,  Be,  OR  Glucindm,  Gl.    At.  Wt.  9.1.    Sp.  Gr.  1.86. 

M.  Pt.  =  <  1000° 

Occurrence.  —  Chrysoberyl,  Be(A10i)i;  phenacite.  BejSi()«;  beryl, 
K<\,A!2SisO,»;  euclase,  AlBcHSiOe;  meliphanite,  Be,CaiNaSijO,oF; 
and  leucophanitc,  BeCaNaSisO,F. 

Beryllium  in  a  bivalent  metal,  and  forms  a  white  oxide,  BeO,  which 
is  soluble  in  acids.  The  metal  is  stable  in  (Ik-  atmosphere,  does  not 
decompose-  water  but  dissolves  in  dilute  hydrochloric  and  sulfuric 
acids  and  in  sodium  or  potassium  hydroxide  with  evolution  of  hydrogen 

Be  +  2  H+—  Be++  +  H,  T  .  2 Be  -f-  4  OH"  -*2  BeOr~  +  2  H,  | . 

Beryllium,  like  aluminium,  is  easily  made  passive  by  nitric  acid. 

Beryllium  hydroxide,  Be(OH)j,  dissolves  in  acids  or  in  alkalies  but 
after  standing  some  time  is  very  hard  to  dissolve.  Beryllium  closely 
resembles  aluminium  in  its  chemical  behavior.  Beryllium  salts  react 
acid  in  aqueous  solution  and  possess  a  sweetish,  astringent  taste.  The 
element  is  often  called  Glucinum,  Gl,  in  England  and  the  United  States. 

Reaction*  in   the  Wet   Way 

Use  a  solution  of  BeS04  •  4  H,0. 

1.  Ammonia  and  Ammonium  Sulfide  produce  a  white  precipitate 
of  Be(OH)j,  similar  in  appearance  to  AlfOH),,  insoluble  in  an  excess 
of  the  precipitant,  but  readily  soluble  in  HCI.  forming  a  colorless 
solution.  The  yellow  color  often  obtained  in  dissolving  the  hydroxide 
in  hydrochloric  acid  is  due  to  traces  of  ferric  chloride. 

2.  KOH  precipitates  white,  gelatinous  beryllium  hydroxide,  readily 
soluble  in  an  excess  nf  the  reauciit,  forming  potassium  heryllate: 
Be**  +  2 OH'  —  Be(OH),.  Be(OH),  -f  2  OH--*  (Beft|~  +  2  H.O. 

The  alkali  beryllaUw  are  decomposed  hydrolytically  on  boiling  their  dibit*  nqur- 
oii*  Holulionn,  all  of  tin-  berj  Ilium  lx«ing  prerjpitated  iu>  hydroxide.  The  prwipii  til 
ilius  nlitiiincil  w  denser  than  Hint  tlinnvn  down  liy  ammonia,  and  differ*  from  the 
Ij.i  trr  by  bring  inaolublc  in  potiuwium  carbonate  and  difficultly  soluble  in  ammonium 
carbonate  solutions;  it  u  also  much  more  difficultly  soluble  ia  dilute  acids.  A  solu- 
tion containing  a  considerable  exwes  of  alkali  hydroxide  doos  not  give  a  precipitate 
of  beryllium  hydroxide  by  boiling. 

Tartaric  acid  prevent*  the  precipitation  of  beryllium  hydroxide. 

503 


504  REACTIONS  OF  SOME  OF  THE  RARER  METALS 

3.  Ammonium  Carbonate  produces  a  white  precipitate  of  beryl- 
lium carbonate,  readily  soluble  in  an  excess  of  the  reagent  (difference 
from  aluminium);  by  boiling  the  solution,  the  beryllium  is  precipi- 
tated as  white  basic  curl)onate.  This  property  is  used  in  separating 
beryQium  Etom  iron  and  aluminium.  The  separation  is  not  sharp, 
however,  which  can  also  be  said  of  the  separation  by  means  of  caustic 
potash. 

According  to  Frcwnm-.  it  in  ncrowary  to  hent  the  solution  somewhat.  In  order 
to  make  a  quantitative  separation,  the  beryllium  hydroxide  or  carbonate  must  be  rc- 
(hrr.nlvvil  -liici  tin'  |>rv(-ipiiiitn>ii  n-|H':i»o<l  M-voral  Hmrrrl 

According  to  Parson  and  Barnes  *  a  good  method  for  separating  beryllium  from 
aluminium  eon««t*in  boiling  in  10  per  cent  Boriium  bicarbonate  solution;  aluminium 
hydroxide  Li  precipitated  and  beryllium  rennuns  ui  notation. 

4.  Alkali  Carbonates  give  white  precipitates  of  variable  composi- 
tion; usually  a  basic  carbonate  is  formed.  When  fmshly  precipitated 
the  carbonate  dissolves  in  a  large  excess  of  sodium  or  potassium  car- 
bonate but  is  much  more  soluble  in  ammonium  carbonate.  By  boiling 
the  ammonium  carbonate  solution,  ropreeipitation  takes  place,  but  not 
by  boiling  the  sodium  or  potassium  carbonate  solution  unless  it  is  very 
dilute. 

5.  BaCOj  precipitates  beryllium  as  hydroxide. 

6.  Oxalic  Acid  and  Ammonium  Oxalate  cause  no  precipitation 
(difference  from  thorium,  zirconium,  erbium,  yttrium,  cerium,  lan- 
thanum, and  didymium). 

7.  K5SO1  gives  with  beryllium  sulfate  a  beautifully  crystalline 
double  salt,  KjBc(SO«)i  •  2  11:0,  which  is  soluble  in  a  concentrated 
solution  of  K3SO4  (difference  from  Ce,  La,  and  Di). 

8.  Ether  and  HC1.  —  BeCI.  is  soluble  in  a  mixture  of  i?qual  volumes 
of  saturated  aqueous  and  stbena]  hydrochloric  acid,  while  the  hydrous 
iilumiriiuti)  chloride  is  not   (good  method  for  separating  Re  and  Al).t 

9.  Diammonium  Phosphate  Rives  a  gelatinous  precipitate  of  phos- 
phate which  dissolves  in  a  considerable  excess  of  the  reagent.  By  care- 
fully adding  ammonia,  hut  avoiding  an  excess,  a  crystalline  precipitate 
of  beryllium  ammonium  phosphate  forms  on  boiling.  Citric  acid  does 
not  prevent  the  preripitatinn,  as  it  does  with  aluminium,  but  if  con- 

:ible  aluminium  is  present,  it   tends  to  keep  the  beryllium  in 
solution. 

10.  Morin  gives  no  fluorescence  with  beryllium  salt  solutions. 

11.  Sodium  Thiosulfate  gives  no  precipitate. 


*  Z.  anal.  Ckem.,  46, 292. 

f  F.  8.  Haysns,  Z.  more.  Chem.,  18,  147  (!S1»). 
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12.  Chloroform.  —  To  separate  beryllium  from  aluminium  ions, 
Haber  and  van  Oordt  *  take  advantage  of  the  fart  that  beryllium  ace- 
tate ia  soluble  in  chloroform.  The  hydroxides  of  these  three  elements, 
when  freshly  preeipituled,  are  dissolved  in  glacial  acetic  acid,  evapo- 
rated with  a  little  water  ami  tin  n  si  due  extracted  with  chloroform. 

To  detect  small  quantities  of  beryllium  in  the  presence  of  consider- 
able aluminium,  Rosslcr  \  proceeds  as  follows: 

Dissolve  I  he  hydroxides  in  hydrochloric  ncid,  evaporate  to  dryness  and  dissolve 
the  residue  in  a  little  «  :itiT,  adding*  little  hydrochloric  acid  if  necessary.  Rinse  the 
solution  into  a  heavy  xliuta  tube  scaled  at  one  end,  add  about  twelve  times  a*  much 
potfli  linn  ~ulf.it.-  U  UlBN  mi  :.i.iiiiii.iiun  and  enough  water  In  dissolve  the  ;i!t  111. 
warming.  Soot  the  tube  and  heat  at  180°  for  half  an  hour.  Aftt-t  rolling,  upon  the 
tulie,  filter  off  the  basic  potassium-aluminium  Milfate  and  precipitate  the  lierylliiini 
••'.illi  ammonium  hydroxide.  To  purify  the  beryllium  hydroxide,  dissolve  it  promptly 
m  hydrochloric  acid,  add  a  little  citric  acid  and  throw  down  the  lierylliuru  up  beryl- 
lium nmmofiitim  phosphate  from  the  hoiling  solution. 

Reaction*  in  the  Dry  Way 

Beryllium  salts  moistened  with  cobalt,  nitrate  solution  and  heated, 
give  a  gray  mass.  Fused  with  twice  as  much  potassium  acid  fluoride, 
HKFo,  the  mass  dissolves  in  water  containing  hydrofluoric  arid ;  under 
the  same  conditions,  potassium  aluminium  fluoride  iviu.-iinx  insoluble. 

ZIRCONIUM,  Zr.    At.  Wt.  90.6.     M.  Pt.  <  Si 

Occurrence.  —  Zircon,  ZrSi04,  tetragonal,  isomorphous  with  rutile, 
TiiO«;  thorite  (orangite).  ThSiO(;  cassiterite;  SniO«;  polianite,  MnjO«, 
and  platt  write.  Pb-O,;    baddelcyite,  ZrO-,  monoclinic. 

The  metal  itself  is  hard  to  obtain  pun-.  It  is  usually  obtained  as 
a  black,  amorphous  powder  but  it  can  be  crystallised  in  the  form  of 
hard,  brittle,  steel-gray  scales  with  metallic  lustre.  In  the  amorphous 
foiiilitn.n  it  burns  below  n  red  bent  but  :i  white  heat  is  necessary  for 
the  crystalline  condition.  It  is  only  attacked  slightly  by  acids  except 
aqua  rcgia,  hydrofluoric  acid,  and  concentrated  sulfuric  acid;  in  » In- 
fest case  water-soluble  zirconium  sulfate,  Zr(SO()»,  is  formed. 

Zirconium  forma  two  oxides:  Zirconium  dioxide,  ZrOt,  and  zir- 
conium pentoxide,  ZrjOj.  The  former  is  the  more  important  and  can 
be  dissolved  l.v  In-nting  for  a  long  time  with  I  mixture  of  two  parts 
of  concentrated  H«S04  and  one  part  of  water  and  afterwards  diluting. 

The  mineral  xireon,  ZrSiO.,  oannot  lie  decomposed  l.y  sue.h  m.-itment.  It  must 
he  finely  pulvcriwd  and  fused  with  four  time*  as  much  sodium  carbonate  at  a  high 


♦  Z.  anal.  Chew  .  40,  405. 
t  Z.  anorg.  Chem.,  13,  43o. 
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heat  in  a  platinum  crucible;  sodium  silicate,  \:i,.>iO,.  nnd  sodium  xirconutc,  N"o«ZrOi, 
IR  formed.  On  trf»tiiiK  tin  BOflll  Irith  mtV  0M  Iwrmc:- ."alt  dlMOlftB,  while  'lie 
Utter  is  decomposed  hydro}]  licaUjr,  forming  BOdhm  hydroxide  and  snndy,  maol- 
uble  xirconium  hydroxide;  the  latter  retains  some  of  the  caustic  soda  very  per- 
sistently. After  washing  I  hi-  n-sidue,  heat  it,  without  previous  drying,  with  con- 
centrated sulfuric  acid  at  ■  taajMlrataiVMSl  •■!»•■  l>oiluiK-|K>intj  En  this  way  anhydrous 
/.i  B0|)|  is  obtained.  By  pouring  wutcr  over  the  latter,  the  salt  Zr(SOt)»  -4  HiO 
is  formed,  which  dfasolvai  -lnvly  in  cold  water,  but  more  readily  in  hot  water,  form- 
ing a  solution  with  an  acid  reaction. 

The  amphoteric  character  and  tendency  to  form  complex  salts  is  a  characteristic 
of  quadrivalent   zirconium. 

Zircon  is  also  attacked  by  fusing  with  pota-^iuin  acid  fluoride;  potassium  fluo- 
silicatc,  l\;Sil',,  and  potassium  fluoxircanatc,  KjZrF,,  are  formed.  Heating  with 
carbon,  U>  form  xirconium  carbide,  and  then  heating  in  a  streum  of  chlorine,  or  by 
bulling  with  carbon  tetrachloride  at  460°,  results  in  the  ■•iil.hmnt.iiin  of  water- 
soluble  zirconium  chloride,  y.r<"'l,,  which  givo<  the  hfuic  chloride,  ZrOCIj  on  treat- 
ment with  a  little  water;  the  latter  is  soluble  in  water  but,  unlike  ferric  chloride,  is 
insoluble  in  ether. 

/{tuitions  in   the   Wet   Way 

A  solution  of  xirconium  nitrate.  Zr(NOi)(.  or  a  freshly-prepared  one  of  basic 
xirconium  chloride,  ZrOCU  '  8  HjO,  may  be  used  for  the  following  reactions: 

1.  NH(OH  and  (NHdaS  produce  a  white,  gelatinous  precipitate  of 
ZnoHji,  insoiiililc  in  no  exoea  Of  reagent. 

2.  KOH  and  NaOH  likewise  produce  the  same  precipitate  insol- 
uble  in  an  excess  of  reagent  (difference  from  Al  and  Be).     When  the 

zirconium  hydroxide  is  produced  in  the  cold  it  i*  readily  soluble  in 
dilute  acids;  but  when  thrown  down  from  a  boiling  solution  it  is  very 
difficultly  soluble  in  dilute  acids,  though  it,  will  dissolve  even  then  in 
emu.  i:! rated  Boidl  without  difficulty. 

Tartaric  acid  prevents  all  of  the  above  precipitationa  owing  to  the  formation  of 
the  complex  acid,  H*|ZrO(C4H/),)s|,  which  gives  soluble  alkali  salts.  If  ferric  iona 
are  present  in  the  original  solution,  they  can  l>e  precipitated  by  ammonium  sulfide 
as  feme  sullidr,  nnd  the  xirrormun.  like  aluminium  and  beryllium,  n.-mains  dissolved. 

3.  (NH()jCO»  produces  a  white,  floceulcnt  precipitate  of  hasic 
carbonate,  readily  .-soluble  in  an  excess  of  the  reagent,  but  reprecipi- 
tated  by  boiling. 

4.  KsCOt  and  Na,CO»  produce  white  precipitates  somewhat  soluble 
in  an  excess,  but  reprccipitated  by  ammonia. 

5.  BaCOj  causes  incomplete  precipitation,  even  on  boiling. 

6.  Oxalic  Acid  gives  a  white,  flocculent  precipitate  of  zirconium 
oxalate,  readily  soluble  in  an  excess  of  oxalic  acid,  difficultly  soluble 
in  dilute  hydrochloric  acid,  and  readily  soluble  in  ammonium  oxalate. 
From  the  solution  in  (XHOidOi  the  zirconium  is  not  precipitated  by 
the  addition  of  dilute  HCI  (difference  from  Th). 
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7.  Ammonium  Oxalate  behaves  the  same  as  oxalic  acid. 

From  the  solution  in  ammonium  oxalate,  zirconium  is  not  precipi- 
tated on  the  addition  of  hydrochloric  acid  (difference  from  thorium). 

Remark.  —  A  solution  of  zirconium  sulfate  behaves  quite  differently  from  that 
of  the  nitrate  and  hnsic  chloride  toward*  oxalic  acid  and  ammonium  oxalate,  a 
fact  which,  although  published  by  Berzcbus  uud  also  by  PfufT,  had  been  entirely  for- 
irotlcn  by  most,  chemist*  until  their  attention  m  called  to  it.  by  It.  lluer.' 

On  trcatinn  an  aqueous  solution  of  zirconium  sulfate  with  oxalic  acid  or  ammonium 
oxalate  there  is  no  precipitation  ;  in  fact,  precipitation  will  not  take  place  from  nitrate 
or  chloride  solutions  when  those  contain  sufiieii-nt  sulfuric  acid,  sodium  or  ammonium 
sulfate. 

The  cause  of  this  different  behavior  lies  in  the  fact  that  zirconium  forma  complex 
compounds  with  sulfuric  acid  and  alkali  sulfates.  Thus  the  solution  of  zirconium 
sulfate  contains  the  arid  Hi[ZrO(SO«)t|,  and  on  treating  a  solution  of  the  oxychlorido 
or  nitrate  with  sodium  Of  ammonium  sulfate  (but  not  the  potiutjuum  salt)  the  sodium 
or  ammonium  suit  of  this  complex  acid  is  formed: 

ZrOCI,  4-  2  NarSO.  =  2  NaCl  +  Na,[ZrO(SO.),|. 

These  compounds  however,  are  electrolyticaJly  dunsociabxl  in  aqueous  solution 
as  follows: 

Hi(ZrO(SOi)i|i^2  H*  +■  lZrO(80«)iJ~. 

As  the  zirconium  is  present  in  the  anion  it  cannot  react  with  oxalic  acid. 

8.  Potassium  Ferrocyanide  gives  a  white  precipitate  in  neutral  solu- 
tions and  a  greenish-yellow  precipitate  of  zirconium  fermcyanide  in 
acid  solutions.  Sulfate  solutions  do  not  give  the  precipitation  or  only 
to  Home  extent. 

9.  K1SO4.  —  A  cold,  concentrated  solution  of  K3S04  precipitates 
little  by  little  all  of  the  zirconium  as  potassium  zirconium  sulfate, 
insoluble  in  an  excess  of  the  reagent  (difference  from  Al  and  Be). 
The  precipitate,  when  produced  in  the  cold,  dissolves  readily  in  con- 
siderable dilute  HC1.  If  it  is  produced  from  a  boiling  solution,  basic 
zirconium  sulfate  is  formed  by  hydrolysis,  which  is  quite  insoluble  in 
dilute  HCI  (difference  from  Th  and  Ce). 

10.  NsjSOt  produces  no  precipitation,  even  on  boiling  a  solution 
which  is  slightly  acid  with  sulfuric  acid  (difference  from  Ti). 

11.  HjOs  precipitates  from  slightly  acid  solutions  white,  volutin 
nous  zirconium   peroxide,    ZriOt,    which  evolves  chlorine  on   being 
warmed  with  concentrated  HCI. 

12.  Na-S-O,  precipitates  zirconium  completely  as  the  hydroxide, 
the  precipitate  being  always  contaminated  with  sulfur. 

1.3.  Turmeric  Paper,  after  being  moistened  with  the  hydrochloric 
acid  solution  of  a  zirconium  salt  and  dried,  is  colored  reddish-brown 
(difference  from  Th). 


•  Z.  tmorg.  Chrm.,  43,  85  (1904). 
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14.  HCI. — Ruor  •  recommends  the  following  test  for  the  identifica- 
tion of  zirconium: 

Pndpfate  i In-  r.in-nmmn  in  the  cold  by  ammonia,  liltir,  wash,  and  separate  it 
from  the  filter  a*  completely  an  possible.  Dissolve  the  precipitate  in  hydrochloric 
"i-l  or  if  small  in  amount  treat  Um  papa  and  precipitate  together  with  not  too 
-inuii-  HO  and  filter.  Evaporate  the  hydrofhlnrii-  arid  solution  I"  ilism-.-.-  >  i: 
the-  w.ator-bath  and  take  up  the  residue  in  n  little  wiib-r.  To  the  cold,  saturated 
solution  add  hydrochloric  acid  drop  by  drop;  the  presence  of  xirconium  will  be 
indicated  by  the  formation  of  si  voluminous  pt«ii|.itat«-  uf  ximimuiu  ux.\ ,  f  < !■ .:  ..I. 
Redi**olvo  the  precipitate  by  heating  the  solution,  and  allow  i li<-  liquid  to  cool. 
After  some  time  fine,  silky  needles  of  ZH)C1»  •  S  HjO  will  precipitate, 

In  the  somewhat  unusual  case  ilint  zirconium  la  pMMBt  b  the  form  of  the  ii>- 
■Oblbje  metti-xin-niiir  arid,  transform  the  latter  Into  xin-uniurn  sulfate  by  heating 
with  concentrated  sulfuric  nnid  <2  :  1 ),  dissolve  this  in  water,  precipitate  the  air- 
cooiuiD  by  ammonia,  and  carry  out  the  above  process. 

15.  Sodium  Iodate  produces  in  slightly  acid  solutions  a  volumi- 
nous white  precipitate  of  zirconium  iodate  which  is  soluble  in  hot. 
dilute  hydrochloric  acid  (best  method  of  separating  zirconium  from 
aluminium). 

16.  Hydrofluoric  Acid  as  a  rule  produces  no  precipitation  (differ- 
anoe  From  thorium,  cerium  and  other  ran  aarths).  From  concentrated 
zirconium  solutions  a  voluminous  precipitate  may  be  obtained  by  the 
careful  addition  of  hydrofluoric  acid,  but  the  precipitate  is  soluble  in 
an  excess  of  the  reagent. 

Reactions  in   the  Dry   Way 

ZrOi  is  infusible  in  the  oxyhydrogen  flame  (difference  from  the 
other  earths),  but  glows  brightly. 


Thorium,  Th.    At.  Wt.  232.4.    Sp.  Gr.  11.0.    M.  Pt.  .bout  1700*. 

Occurrence. — Thorite  (orangite),  ThSiOi,  with  50  to  58  per  cent 
ThOi;  thorianite,  a  mineral  discovered  in  Ceylon,  with  72  to  76  per 
rent.  ThOj  and  11  to  12  per  cent  UO»-t  Small  quantities,  up  to  about 
8  per  cent,  of  ThOj  are  found  with  gadolinite,  YaO,'3(BeFe)0-2SiOi. 
monazite,  (Ce,La,Di,)POi,  and  in  the  rare  niobatea,  samarskitc,  pyro- 
ehlore,  euxenite,  etc.  Euxenfa  is  essentially  a  titannte  and  niobite 
of  Ce(La,Di)  and  usually  contains  UOj  and  FeO.  Thorite,  monazite, 
and  gadolinite  arc  decomposed  by  acids,  preferably  sulfuric  ucid. 

The  impure  metal  itself  has  been  obtained  by  heating  ThCI4  or 
KiThCl*  with  metallic  sodium.    In  the  air  it  is  stable  and  exhibit 


•  Z.  a>««v.  Chcm.,  41,  85  (1901). 
t  Qhem.-Zxq.  tUv.,  1906,  81. 
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ratlio-iictivity.  Upon  gentle  heating  it  ignites  and  burns  to  the  dioxide. 
The  metal  dissolves  in  hydrochloric  ;t<id  with  evolution  of  hydrogen,  it 
is  less  readily  dissolved  by  sulfuric  acid  and  by  hydrofluoric  acid  and 
is  practically  insoluble  in  alkali  hydroxide  sntuti" 

The  dioxide,  thoria,  is  white  when  pure  but  is  usually  gray;  upon 
being  heated  it  becomes  bluish,  if  free  from  cerium,  and  luminous. 
Tile  presence  of  cerium  causes  a  white  light  from  the  glowing  oxide 

Ignited  thorium  dioxide,  ThOj,  can  be  dissolved  by  fuming  with 
concentrated  sulfuric  acid,  cooling  and  adding  the  acid  to  ice-cold 
water,  or  to  dilute  sulfuric  :icid;  it  is  not  soluble  in  other  acids  even 
after  fusing  with  alkalies.  Thorium  shows  a  tendency  to  form  col- 
loidal solutions  hut  less  tendency  to  form  complex  ions  than  does 
cerium,  zirconium  or  titanium. 

Reactions  in  the  Met   Way 

A  solution  of  Th(SO«)»  should  be  used. 

1.  (NH<)OH,  (NH^sS,  or  KOH  produces  a  white  precipitate  of 
Th(OH)«,  insoluble  in  an  excess  of  the  reagent,  but  readily  soluble 
in  dilute  acids  when  freshly  precipitated.  By  boiling  with  thorium 
nitrate,  or  by  treatment  with  a  little  aluminium  chloride,  ferric  chloride 
or  hydrochloric  acid,  it  is  easy  to  obtain  a  colloidal  solution  of  thorium 
hydroxide.  Similurly  by  dialysis  of  thorium  salts  in  pure  water,  it 
is  easy  to  obtain  a  colloidal  solution  of  the  hydroxide.  By  igniting 
the  hydroxide,  ThOj  is  obtained,  which  is  soluble  in  concentrated  sul- 
furic acid  only  after  long  digestion. 

2.  K,CO,  or  Na-CCb.  precipitates  the  white  carbonate,  soluble  in 
an  excess  of  the  reagent,  and  not  reprecipitated  by  the  addition  of 
ammonia.  On  boiling,  I  lie  solution  becomes  turbid,  but  clears  again 
on  cooling. 

3.  (NHi)jCOj  precipitates  the  white  carbonate,  readily  soluble  in 
an  excess;  on  wanning  to  50a  a  basic  carbonate  is  precipitated,  which 
redisaolves  on  cooling  the  solution.  Ammonia  causes  no  precipitation 
in  this  solution. 

4.  BaCOj  completely  precipitates  thorium  salts  in  the  cold. 

6.  KjSO,  precipitates  K«Th(SO«).  -f  2  H»0,  difficultly  soluble  in 
water  and  insoluble  in  concentrated  K5S(J4  solution  (difference  from 
Y).     The  corresponding  sodium  compound  is  readily  soluble  in  water. 

6.  Oxalic  Acid  precipitates,  from  solutions  which  are  not  too  acid, 
all  of  tho  thorium  as  white,  crystalline  oxalate,  practically  insoluble 
in  oxalic  and  dilute  mineral  acids. 

The  precipitate  hi«  tlw  foraiuln:  Th(C«0«)» .  6  HiO.  It  diwolvea  in  ammonium 
aoetafc  solution*  containing  a  little  free  arctic  ncid.     At  the  boiling  temperature 
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it  dissolve*  in  WDMBtntcd  alkali  oxidate  solutions,  particularly  in  ammonium 
oxalate,  forming;  very  stable  complex  ions:  (Th(Ci04h|--,  [Th(CjO«)i|  ,  or 
|Th,((',< i,,,|  On  cooling  rui  precipitation  takes  place  if  sufficient  ammonium 

oxalate  were  used.  (.Difference  from  the  ions  of  the  Co,  La,  Pr,  Ncl  and  womewhat 
different  from  Y  and  Er.)  The  addition  of  hydrochloric  arid  cam**  the  decom- 
position of  the  oomplex  oxalate-  ion  und  thorium  oxalate  is  rvprccipitoted. 

By  gently  igniting  thu  oxalate,  thorium  dioxide,  i-  nht.uiinl  ami  will  give  a  col- 
loidal solution  with  hydrochloric  or  nitric  acid;  the  nolt  Appears  milky  white  hy  re- 
flected light  and  it  clear,  yellow  solution  by  transmitted  light  (looking  through  it;. 

Neutml,  anhydrous  thorium  sulfaU)  dissolves  in  ire  water  but  on  heating,  or 
even  oa  standing  at  room  UmjiBHtUf,  H  <  rystallixes  out  in  the  hydra  ted  and  diffi- 
cultly soluble  condition.  (Difference  from  Al,  Be,  Vt,  Er,  Ti,  Zr,  Cc,  Pr  and  Nd.i 
This  behavior  can  be  used  for  separating  thorium  from  oilier  rare  earth*.  In  boiling 
water  the  salt  loses  1U1  water  of  crystallization  and  is  then  soluble  in  cold  water. 

7.  Ammonium  Oxalate  likewise  precipitates  thorium  oxalate,  which 
dissolves  nn  boiling  with  a  large  excess  of  this  reagent.  The  solution 
remains  clear  after  cooling,  provided  the  original  solution  did  not 
contain  too  much  free  sulfuric  acid,  and  enough  ammonium  oxalate 
was  used.  From  the  boiling  solution  of  the  ammonium  double  oxa- 
late, HC1  precipitates  practically  all  of  the  thorium  as  oxalate  (dif- 
ference from  Zr). 

In  the  presence  of  ammonium  acetate,  ammonium  oxalate  pro- 
duces no  precipitation;  but  by  the  addition  of  HC1  almost  all  of  the 
thorium  will  be  precipitated  as  oxalate. 

8.  HF  produces  a  white,  gelatinous  precipitate,  which  soon  changes 
to  a  heavy  powder.      KF  causes  the  same  reaction. 

9.  NajSjOi  precipitates  all  of  the  thorium  on  boiling. 

10-    Potassium  Hydroxide  and  Chlorine  do  not  dissolve  thoria. 

11.  Potassium  Ferrocyanide  given  a  white  precipitate  in  neutral  or 
faintly  acid  solutions;  in  the  former  case  the  test  is  sensitive. 

12.  Potassium  Azide,  KN»,  gives  in  faintly  acid  solutions  a  pre- 
cipitate of  hydroxide  or  of  basic  thorium  aride  with  evolution  of 
hydrazine  acid: 

Th-H-Hf  +  4  N,"  +  4  H,0  -*  Th(OH)<  +  4  HN,. 

According  to  Dennis  *  this  is  a  characteristic  reaction  of  thorium  but 
according  to  Curtius  f  zirconium  also  gives  the  test  in  the  cold  and 
yttrium  on  boiling. 

13.  Iodic  Acid  in  nitric  acid  solutions  gives  a  white,  crystalline 
precipitate  of  thorium  iodato,  The  reaction  is  sensitive  and  other 
rare  earth  iodatcs,  being  more  soluble  in  nitric  acid,  can  be  dissolved 
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by  treatment  With  a  hot  solution  of  4  g.  KI03  in  100  cc.  of  6-normal 
nitric  acid  and  400  cc.  of  water. 

14.  Hydrogen  Peroxide  added  to  a  hot,  neutral  solution,  or  to  one 
which  is  faintly  acid  with  sulfuric  acid,  or  even  to  an  ammonium  car- 
bonate solution,  precipitates  all  of  the  thorium  as  white,  hydrated 
thorium  peroxide. 

15.  Sodium  Hypophosphate,  NaHPOi,  produces  a  white,  flocculent 
precipitate  of  thorium  hypophosphite  by  boiling  in  the  presence  of 
considerable  hydrochloric  acid. 

There  are  no  characteristic  dry  reactions. 


THE   GADOLINITE   EARTH    METALS 


SCANDIUM,  Sc,  At.  Wt.  46.1;  YTTRIUM,  Y,  At.  Wt.  89 .3 ;  EURO- 
PIUM, Eu,  At.  Wt.  162.0;  GADOLINIUM,  Gd,  At.  Wt.  167.3; 
TERBIUM,  Tb,  At.  Wt.  159.2;  DYSPROSIUM,  Dy,  At.  Wt 
162.6;  HOLMIUM,  Ho,  At.  Wt.  163.5;  ERBIUM,  Er,  At.  Wt. 
167.7;  Thulium,  Tm,  At.  Wt.  168.5;  Ytterbium,  Yb,  At.  Wt 
173.5;  LUTECIUM,  Lu,  At.  Wt  175.0 

The  Riuloliniti'  metals,  or  yttrium  rarths,  constitute  a  group  of  trivalent  ele- 
ments that  occur  as  silicates  in  tin  mux  nils  gadolinite  and  rowlandite.  as  phos- 
phate* iu  xenotime,  and  us  niubuU's  in  cuxointe,  y  tlroluutjilite  and  cet  t.«m  ptfaot  rare 
mini  ruin.  In  these  minerals  the  elements  scandium,  yttrium,  europium,  gado- 
linium, terbium,  dysprosium,   holmium,  erbium,   thulium,  ytterbium  nnd  lutecium 

pn-pnndei  ill!    iv.t  i-i-i  l.-iiii  Other  r  in    i  lemenl.-  iImi   -Mr    mi !,  t.h(  rn  mid  vvlin  h  Ml 

markedly  different  in  their  chemical  behavior,  namely  the  ctrite  metala.  Of  nil  (hi 
akOMOta  in  the  group,  yttrium  and  then  erbium  occur  in  the  largest  quantities  and 
may  Is?  regarded  as  tho  two  moat  important  elements.  Scandium,  however,  ia  also 
■  |iiil<-  « i.lr-ly  distributed  nnd  lias  been  found  recently  in  certain  tungsten  ai 
orea.  The  remaining  elements  ore  extremely  rare  in  occurrence.  Became  of  their 
rarity  :uid  the  ■  3 itli.  nil  n-»  encountered  in  purifying  them  it  is  by  no  means  certain 
dial  -ach  nf  the.  yttrium  earths  named  actually  rcpreaenla  a  simple  substance  or 
ili'iiuui.  In  .  iiciirrcnee  anil  chonuV.-il  pn.|MTtics  europium,  gadolinium  and  Im 
an?  very  similar,  so  are  dysprosium ,  holmium,  erbium  and  thulium  as  well  at  >tter- 
hium  and  lutecium.  It  is  beyond  the  scope  of  this  book  to  attempt  to  discuss  all 
of  tln-.v.'  .li-iii.iiU  in  detail  but  the  typical  reactions  of  yttrium  «  ill  Ix- given  and  some 
of  the  important  diffcrcncca  from  the  other  elements  of  the  group  »dl  Is:  |*)inted 
out. 

Occurrence.  —  Yttrium  ia  an  important  constituent  of  gadolinite, 
YjOj-.'MBe.PeJO^SiO^and  of  jrttrotantalite  Y,l'  N  b,Ta),0,),  an  iso- 
morphous  mixture  of  yttrium  pyrotantalate  ami  pyroniol>ate.  Tho 
elements  of  this  group  are  also  found  in  cerite.  thorite,  and  nionazitc. 

Yttrium  itself  lrns  not  been  obtained  perfectly  pure,     In  tho  impure 

state  it  ia  a  gray  powder  capable  of  being  polished.     It.  has  a  high 

melting  point  and  bums  to  the  oxide.     It  can  be  prepared  by  the 

olysis  of  Filled  BOdhin  yttrium  ehloriilo  or  by  1lic  reduction  with 

metallic  magnesium. 

Yttrium  oxide,  Ytd,  is  white  when  pure  but  yellow  when  con- 
taminated with  other  oxides  of  the  group. 

The  color  of  the  oxides  and  salts  often  helps  to  identify  these  ele- 
ments. Thus  erbium  oxide  is  pink  and  so  are  the  solutions  of  its 
salts.    Europium  salts  are  slightly  pink  but  salts  of  holmium  are 
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Salts  of  dysprosium  and  thulium  are  light  green  or 
The  oxides  and  salts  of  the  remaining  metals  are  white 


distinctly  so. 
bluish  green, 
or  colorless. 

The  hydroxides  of  the  yttrium  earths  are  bases  whose  strengths  lie 
between  that  of  the  alkaline  earth  and  aluminium  groups;  yttrium 
is  the  most  basic  and  probably  the  others  can  be  grouped  in  the  fol- 
lowing order.  —  gadolinium,  terbium,  erbium,  ytterbium,  .  .  .  scan- 
dium. Owing  to  the  somewhat  different  position  in  the  periodic 
table,  it  is  probable  that  the  elements  between  the  yttrium  and  scan- 
dium .an-  moM  closely  related  to  one  another  and  for  the  same  reason 
scandium  in  some  respects  is  similar  to  beryllium  and  in  oilier  respects 
to  thorium  and  zirconium.  In  the  fractional  precipitation  by  bases 
or  in  the  decomposition  of  the  nitrates  by  ignition,  the  dements  show 
the  same  gradation  of  properties,  —  yttrium  is  always  the  last  to  pre- 
upitate  and  the  last  to  decompose.  Its  separation  from  the  other 
yttrium  earths  is  usually  based  upon  tin-  fact  that  the  last  fractions 
are  invariably  rich  in  yttrium.  The  only  element  of  the  group  known 
to  give  an  oxide  higher  than  that  of  the  trivulent  metal  appears  to  be 
terbium,  which  has  tin-  oxide  T04O7,  a  black  sultstance  when  pure  but 
causing  other  oxides  of  the  group  to  appear  yellow  when  it  is  present 
in  small  quantities.  Heated  in  the  non-luminous  flame,  yttrium 
oxide  glows  with  a  white  light  and  erbium  oxide  gives  u  strong  green 
light. 

Excepting  scandium,  the  salts  of  these  metals  are  not  readily  hydro- 
lyzed  even  when  the  acid  is  weak.  The  tendency  to  form  complex 
salts  is  less  than  that  of  thorium  and  zirconium  but  greater  than  that 
of  the  cerite  earths.  Particularly  important  for  separating  yttrium 
earths  from  cerite  earths  is  the  greater  solubility  of  the.  doable  .sulfates. 
It  is  difficult  to  obtain  double  nitrates  at  ordinary  temperatures. 
The  chlorides  crystallize  with  six  molecules  of  water  and  when  heated 
to  120°  lose  water  and  hydrochloric  acid  and  are  converted  into  in- 
soluble basic  chlorides  of  the  YOC1  type.  The  chlorides  are  more 
soluble  in  pyridine  than  are  the  chlorides  of  the  cerite  metals.  The 
anhydrous  chlorides  are  not  easily  volatilized  but  yttrium  and  ft 
diuin  form  the  most  volatile  chlorides  of  the  group. 
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Rtrac.tiitn.i  in 

A  solution  of  Y(NOs)»  should  be 
Yttrium 

1.  NH4OH  and  (NBL,)VS  pre- 
cipitate the  white  hydroxide,  in- 
soluble in  an  excess. 

In  the  presence  of  tartaric  or 
citric  acid  no  hydroxide  is  pre- 
cipitated but  the  addition  of  am- 
monium hydroxide  to  a  tartaric 
acid  solution  causes  the  forma!  n>n 
of  a  white  floceulcnt  precipitate 
of  ammonium  double  tartrate. 

2.  KOH  and  NaOH  precipi- 
tate the  white  hydroxide,  insolu- 
ble in  an  excess;  the  presence  of 
tartaric  acid  does  not  prevent  pre- 
■  ■ipnation,  but  in  this  case 
yttrium  tartrate  is  precipitated 
(difference  from  Al,  Be,  Th,  and 
Zr).  On  igniting  the  precipitate, 
the  oxide  is  obtained,  which  is 
readily  soluble  in  acids. 

The  hydroxides  precipitated 
from  hot  solutions  are  gelatinous 
but  easy  to  filter;  from  cold  solu- 
tinns  they  are  slimy  and  hard  to 
wash.  The  hydroxides  of  yttrium 
and  of  erbium  absorb  carbon 
dioxide  from  the  air. 

3.  (NH.bCOi  produce!  I  white 
precipitate  of  the  carbonate,  read- 
ily soluble  in  an  excess  of  the  re- 
agent; after  standing  some  time 
t  he  total  ion  becomes  turbid,  owing 
to  the  deposition  of  a  double  salt, 

Yi(CO,),  •  2  iNH.WCO,  •  2  H,0. 

The  solution  of  the  pure  hy- 
droxide dissolved  in  excess  of  am- 
monium carbonate  gives  complete 


th*  Wet   Way 

used. 

Other  Yttrium  Earths 
Behave  like  yttrium. 


Behave  like  yttrium.  Accord- 
ing to  v.  Panayeff,  erbium  ions  do 
not  react  quite  the  same. 


With  erbium  the  solution  does 
not  become  turbid  on  standing. 
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precipitation  upon  boiling  but  if 
ammonium  ■  ■  1 1 1 <  ■  i  i « i » ■  is  present  il 
servos  to  decompose  the  precipi- 
tate upon  further  boiling,  with 
liberation  of  ammonia,  and  the 
yttrium  goes  back  into  solution. 

4.  KjCO  and  Na.CO(  precipi- 
tate the  white  carbonate,  readily 
soluble  in  cxceiw;  after  standing 
some  time  an  insoluble  double  salt 
separates  out. 

The  solubility  of  the  carbonate 
in  excess  of  the  precipitant  is 
Enoch  greater  than  that  of  the 
ri-riti'  carUu  •  i r » ■  1  this  serves  M  B 
basis  of  separation.  Yttrium  car- 
bonate dissolves  more  readily  in 
pniiLsgium  bicarbonate  and  in 
ammonium  carbonate  than  in 
normal  potassium  carbonate  but 
the  solubility  is  not  as  great  as 
that  of  the  corresponding  beryl- 
lium precipitate. 

o.  BaCOt  does  not  precipitate 
yttrium  in  the  cold,  and  only  in- 
completely on  warming. 

6.  Oxalic  acid  precipitates 
white  yttrium  oxalate,  insoluble 
in  an  excess,  difficultly  soluble  in 
HC1,  and  perceptibly  soluble  in 
ammonium  oxalate. 


Other  Yttrium  Earths 


Erbium  behaves  like  yttrium, 
only  the  solution  does  not  become 
turbid  on  standing. 


Erbium  is  not  precipitated  at 
all,  even  on  warming. 

In  erbium  solutions,  oxalic  acid 
produces  a  light-red,  pulverulent 
precipitate;  otherwise  the  reac- 
tion is  the  same  as  with  yttrium. 
This  i«  an  important  characteris- 
tic of  the  entire  group  of  rare 
earths  (except  zirconium)  which 
serves  to  distinguish  them  from 
aluminium  and  beryllium.  The 
solubility  of  the  yttrium  earth 
oxalates  is.  in  general,  gn 
than  that  of  the  ccritc  curths  and. 
by  boiling  with  concentrated 
alkali  oxalate,  the  yttrium  earth 
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oxalates,  particularly  scandium 
oxalate,  dissolve  more  readily 
than  do  the  oxalates  of  the  ccrite 
group;  upon  diluting  and  cooling 
there  is  usually  complete  repre- 
cipitation  (difference  from  tho- 
rium). 


7.   K;SO,  forms  a  double  salt 
which  is  soluble  in   K,SO,  BOh 
tion  (difference  from  Zr,  Th,  Ce, 
La,  and  Di). 


8.    HP   produces    white    amor- 
phous YFj,  which  becomes  pu  I  vn 
ulent  cm  wanning,  and  is  insoluble 
in   water  anil   in    II F   (difference 
from  Alj  Be.  Or  and  Ti). 

The  prii  ipitatc  is  soluble  in 
mineral  acids  if  it  has  not  been 
ignited;  after  strong  heating  it  is 
less  soluble. 

1 '  NasSjOi  does  not  cause  pre- 
cipitation 

10.  H»Oj  in  alkaline  solution 
causes  the  formation  of  gelati- 
nous, very  unstable  hyd  rated  por- 
oattdM  of  the  general  formula,  — 
R(()()H)(OH),. 

Yttrium  solutions  do  not  give 
ID  :d  sorption  spectrum. 


Behave  like  yttrium.  (Differ- 
ence from  thorium,  zirconium  and 
the  cerite  metals.)  Within  the 
group  of  yttrium  earths  (disre- 
garding the  very  slightly  soluble 
scandium  double  sulfate)  the 
double  sulfate  of  terbium  is  the 
least  soluble;  it  occupies  a  posi- 
tion intermediate  between  the 
cerite  earths  and  the  other  yttrium 
earths. 

Scandium  fluoride  is  not  dis- 
solved much  by  concentrated 
hydrochloric  acid  and  after  being 
ignited  it  requires  concentrated 
sulfuric  acid  to  attack  it.  Scan- 
dium fluoride,  like  zirconium  fluo- 
ride, forms  easily  soluble  double 
fluoride  and  thus  differs  from  the 
ot her  rare  earth  fluoride!'. 

Scandium  is  the  only  member 
of  the  group  to  behave  like  alu- 
minium, thorium  and  titanium. 
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11.  HIOi  does  not  give  a  pre- 
cipitate which  is  insoluble  in 
nitric  acid  (difference  from  tho- 
rium). 

12.  NaHPOt  •  2  H*0  does  not 
give  a  precipitate  in  strong  hydro- 
chloric acid  solutions  (difference 
from  thorium). 


Other  Yttrium  Earths 


The  absorption  spectra  are 
especially  important  in  the  ex- 
amination of  this  group  of  metals, 
furnishing,  in  fact,  about  the  only 
means  of  controlling  the  purifica- 
tion by  fractionation.  The  most 
important  bands  for  erbium  lie  at 
653,  623,  487,  460  and  442;  for 
dysprosium  at  763,  475,  451.5, 
427.5. 


Reactions  in  the  Dry  Way 


Yttrium  oxide  is  strongly  lumi- 
nous on  being  heated;  otherwise 
there  is  no  reaction. 


Erbium  oxide,  on  being  heated 
on  a  platinum  wire,  colors  the 
flame  distinctly  green.  If  the 
light  is  viewed  through  a  spectro- 
scope, a  number  of  bright  lines 
will  be  seen  in  the  dark  green 
which  coincide  with  the  dark  lines 
obtained  in  the  absorption  spec- 
trum. 


THE   CERITE   METALS 

Cerium,  Ce,  At.  Wt.  140.26,  M.  Pt.  623°;  Lanthanum,  La,  At 
Wt.  139.0,  M.  Pt.  810°;  PRASEODYMIUM,  Pr,  At.  Wt.  140.9, 
M.  Pt.  940°;  NEODTMIUM,  Nd,  At  Wt  144.3,  M.  Pt.  840°; 
SAMARIUM,  Sa,  At.  Wt.  160.4,  M.  Pt.  1300-1400° 

The  elements  of  this  group  all  occur  in  small  quantities  (excepting  cerium)  in  the 
minerals  mentioned  on  page  512  which  contain  larger  quantities  of  the  yttrium  earths. 
They  occur  in  larger  quantities  as  silicates  in  the  minerals  cerite,  H.Ca  (Ce  Al)  jSijOu, 
and  orthite  (allanite),  HCa,Ce,SuOu,  as  phosphate  in  monazite,  as  niobate  and 
tantalate  in  asschynite  as  fluoride  in  fluorcerite  and  in  a  number  of  rarer  minerals 
of  similar  composition.  Cerium  is  the  most  common  and  most  important  element 
of  the  group  but  all  the  members  are  better  known  than  most  of  the  yttrium  group 
elements. 

The  best  way  of  attacking  the  minerals  is  by  treatment  with  concentrated  sulfuric 
acid.  The  silicates  cerite,  orthite  and  gadolinite  can  be  decomposed  by  repeated 
evaporation  with  strong  hydrochloric  acid.  The  phosphates  (monazite,  xenotime, 
etc.),  are  not  decomposed  well  by  hydrochloric  acid;  after  heating  with  concen- 
trated sulfuric  acid,  the  excess  of  the  acid  should  be  volatilized  and  the  moist  mass 
stirred  slowly  into  ice  water.  The  niobates,  tantalates  and  titanates  (ferguaonite, 
euxenite,  aeschynite,  etc.),  are  best  fused  with  five  or  six  times  as  much  sodium 
acid  sulfate;  after  cooling  the  melt,  a  few  drops  of  concentrated  acid  are  added  to 
replace  that  lost  by  volatilization  and  the  solid  is  then  treated  with  water  which 
causes  the  separation  of  niobic  and  tantalic  acids.  Hydrofluoric  acid  also  is  useful 
in  attacking  most  of  these  minerals  (except  niobates  and  tantalates),  the  action 
taking  place  even  when  cold;  the  earth  acids  go  into  solution  and  the  earth  fluorides 
are  left  undissolved. 

The  metals  themselves  are  obtained  by  electrolysis  of  the  fused  chlorides  or 
fluorides.  They  are  white  or  pale  yellow  and  fairly  stable  in  the  air.  The  specific 
gravity  lies  between  6.15  (lanthanum)  and  7.7  (samarium),  that  of  cerium  being 
7.04.  They  are  good  reducing  agents  and  have  been  used  as  such  in  place  of  metallic 
magnesium. 

Metallic  cerium  is  strongly  pyrophoric;  it  gives  sparks  when  struck  or  rubbed 
against  steel.  A  pyrophoric  alloy  of  cerium  and  iron  is  used  in  gas  lighters.  The 
metals  all  bum  in  oxygen  and  give  a  bright  light.  They  decompose  water  slowly  and 
dissolve  readily  in  acid  with  liberation  of  hydrogen. 

A  mixture  of  the  oxides,  as  obtained  by  ignition  of  the  oxalates  from  one  of  the 
typical  minerals,  has  a  brownish-red  color  and  may  be  regarded  as  containing  salts 
of  the  trivalent  metals  with  quadrivalent  cerium  as  acidic  constituent,  the  latter  being 
the  only  member  of  the  group  which  if?  known  to  form  a  stable  oxide  or  salt  that  con- 
tains other  than  trivalent  metal.  At  higher  temperatures  the  oxides  become  crystal- 
line and  at  the  temperature  of  the  electric  arc  they  are  slightly  volatile.  The  oxides 
dissolve  in  acid  more  readily  than  do  the  oxides  of  the  yttrium  series,  and  although 
the  solubility  is  affected  by  the  previous  treatment,  the  ignited  oxides  dissolve  in 
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acid  unlcw  more  than  40  or  SO  per  rent  of  cone  oxide,  CeOt,  is  present.  The  cent*} 
earths  form  strong  bnx*  and  net  free  ammonia  from  ammonium  tali*  H1U  when 
cold.  Lanthanum  hydroxide  is  about  as  basic  as  calcium  hydroxide  but  the  basicity 
decrease*  in  th«t  following  order,  -  -  trivalent  cerium,  praseodymium,  neodymium, 
samarium.  Quadrivalent  cerium  forms  an  amphoteric  hydroxide  and  its  boaicity 
lies  between  that  of  tho  hydroxide*  of  sireonium  and  thorium. 

The  chloride*  of  these  trivalent  element*  usually  cryvtallise  with  six  molecules 
of  water;  praseodyniium  chloride,  however,  has  tKlW  DOlsOUlea  of  water  of  crya- 
tallization.  The  nitrate*  also  crystallize  with  six  molecules  of  water.  They  form 
double  salts  of  Ifac  type,  HlNOiir  2  Mf.N'f))  •  I  H,«>;  the  stability  and  insolubility 
of  the  salt  decreases  with  rise  in  atomic  weight  from  lanthanum  to  samarium. 
I'pon  heating  the  chlorides  or  nitrates,  insoluble  ba*ic  salts,  BOX,  arc  formed  '.differ- 
ence from  yttrium  earths);  the  salta  of  the  metals  with  low  atomic  weight  are  tho 
most  stable. 

The  sulfates  crystallise  with  four,  eight,  >ir  twelve  molecule*  of  water.  Heating 
them  to  400°  or  500°  causes  the  formation  of  anhydrous  sulfates  which  form  strongly 
supersaturated  solutions  in  cold  water  but  rise  of  temperature  lowers  the  solubility; 
this  property  is  utilised  in  separating  the  members  of  this  group  and  of  the  wry 
similar  yttrium  earths  from  otln  i  i-li-menta. 

The  carbonates  react  with  concentrated  alkali  carbonate  solutions  to  form 
difficultly-soluble  double  salt«;  the  potassium  compounds  being  more  soluble  than 
the  sodium  or  ammonium  QMS.  Dilution  OttUM<  precipitation  of  the  rarlwuiates, 
lanthanum  carbonate  being  precipitated  first,  then  praseodymium,  cerium  and 
neodymium. 

The  oxalates  arc  practically  insoluble  in  oxalic  acid,  but  somewhat  soluble  in 
mineral  acid;  the  moat  basic  element,  lanthanum,  gives  the  oxalate  moat  readily 
diaiolvcd. 

CERIUM 

Cerium  forms  two  oxides,  CejOs  and  CeO,;  the  former  is  basic  and 
the  latter  is  amphoteric.  The  cerous  salts  are  white,  while  the  ©eric 
salts  are  orange  red.  The  solutions  arc  colorless  and  have  n  sweet  but 
astringent  taste. 

Reactions  in  the  Wet  Way 
1.  Cerous  Salts 

A  solution  of  cerous  nitrate,  Cc(NO>)i,  should  be  used. 

1.  NHtOH  and  (NHOsS  each  produces  a  white  precipitate  of 
Ce(OH)i,  insoluble  in  an  excess  of  the  reagent,  but  readily  soluble 
in  acids.  In  the  presence  of  tartaric  and  citric  acids,  etc.,  the  above 
reagents  cause  no  precipitation  (dffltatHM  from  Vl. 

2.  NaOH  or  KOH  also  precipitates  white  C«(OH)i,  even  in  tl..- 
presence  of  tartaric  acid,  etc.  The  white  Ce(OH1i  becomes  yellow 
gradually  on  standing  in  the  air,  on  account  of  being  oxidized  to 
Ce(OH)«. 
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8.  KjCO,  or  (NH,)-CO,  produces  a  white  precipitate  insoluble 
in  an  excess  of  the  reagent.  The  precipitate  is  amorphous  at  first 
but  gradually  becomes  crystalline.  In  concentrated  solutions  of 
alkali  carbonates,  very  slightly  soluble  double  salts  are  formed,  the 
potassium  salt  being  the  most  soluble. 

4.  Oxalic  Acid  or  Ammonium  Oxalate  precipitates  white  cerous 
oxalate,  insoluble  in  an  excess  of  the  reagent,  and  in  dilute  mineral 
acids.  On  ignition,  pale  yellow,  insoluble  CcO;  IB  formed.*  If  the 
oxalate  is  contaminated  with  praseodymium  oxalate,  a  cinnamon- 
colored  oxide  is  obtained,  which  is  perfectly  soluble  in  dilute  acids. 

5.  BaCOi  slowly  precipitates  cerium  in  the  cold  and  more  rapidly 
in  a  hot  solution. 

8.  K-SO».  If  a  neutral  solution  of  cerous  salt  is  treated  with 
solid  K,SO«  until  no  more  will  dissolve,  a  crystalline  precipitate  of 
Cej(SOi)i  •  3  K1SO4  iB  Blowly  formed  at  room  temperature,  or  more 
quickly  on  heating.  All  of  the  cerium  can  ta  precipitated  in  this  way. 
as  the  double  sulfate  is  insoluble  in  concentrated  potassium  sulfate 
solution,  but  it  will  dissolve  in  considerable  pure  water  or  more  readily 
in  acids.  From  slightly  acid  solutions  i-cnum  <-.in  be  compl 
precipitated  with  k;S<  1.  as  (Y-lSO,),  ■  2  KiSO«  •  2  11,0.  (Difference 
from  Al,  He  and  yttrium  earths.) 

Na:SO,  behaves  similarly  (difference  from  Th  and  Zr). 

7.  HF  produces  in  neutral  ami  slightly  acid  solutions  of  cerous 
salts  a  gelatinous  precipitate  which  by  long  digestion  with  the  hot 
solution  gradually  becomes  pulverulent.  The  precipitate  of  CcFj  •  H.O 
is  practically  insoluble  in  water  and  dilute  hydrofluoric  acid,  hut  readily 
soluble  in  other  mineral  acids  (difference  from  Al,  Be,  Zr  and  Ti). 

8.  HjOj  colors  neutral  cerous  solutions  yellow,  but  after  adding 
an  acid  the  color  disappears,  as  the  cerium  peroxide  is  reduced  be 
cerous  salt  by  hydrogen  peroxide  and  acid.  If  a  cerous  salt  is  treated 
with  a  slight  excess  of  ammonium  hydroxide  and  then  with  HjOj,  the 
precipitate  becomes  reddish  orange  in  color,  something  like  Fe(OH)j. 
This  is  the  most  sensitive  test  for  cerium;  it  was  discovered  hy  Loeoq 
de  Boisbaudran.  The  composition  of  the  precipitate  has  been  given 
as  CcO,  •  CoOj  •  H,0,  and  as  C«(OH)aOiII. 

If  air  is  led  through  a  solution  of  cerous  ions  to  which  concent  rated 
potassium  carbonate  has  been  added,  tit  red  color  of  cerium 

peroxide  is  formed;  boiling  the  solution  or  shaking  with  a  reducing 
agent,  such  as  arsenious  acid,  causes  precipitation  of  eerie  hvdroxide, 
Cc(OH),. 

•  Only  when  the  cerous  oxalate  is  pure.  If  it  contains  traces  of  praseodymium, 
Uw  OaO|  la  obtained  ss  a  bright-yellow  powder. 
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9.  Chlorine.  —  If  a  cerous  salt  is  treated  with  an  excess  of  alkali 
hydroxide  and  then  with  chlorine  gas,  a  yellow  precipitate  of 
CeOi  •  3  HjO  is  obtained.  If  the  chlorine  gas  is  passed  through  the 
Holution  for  a  long  time,  the  precipitate  will  redissolve. 

10.  Bromine  behaves  like  chlorine  except  that  an  excess  of  this 
oxidizing  agent  does  not  dissolve  the  precipitate.  (Difference  from 
lanthanum  and  didyrnium.) 

11.  Cerous  salts  may  be  oxidized  to  eerie  salts  in  acid  solutions 
(a)  by  heating  with  PbOj  and  UNOj  (1  :  2):  (h)  by  heating  with  am- 
monium pcrsulfate;  (c)  by  electrolysis.  In  all  cases,  the  solution 
becomes  yellow  or  orange  in  color. 

12.  Na^SaOj  gives  no  precipitate  even  in  concentrated  solutions  of 
cerous  salts. 

2.    Ceric  Salts 

A  solution  of  either  eerie  nitrate,  Cc(NOj)«,  or  of  ceric  ammonium 
nitrate,  Ce(NDi)4  •  2  NH«NO,  +  H,(),  should  be  used. 

The  beautiful  orange-red  color  of  these  solutions  is  characteristic 
of  all  ceric  salts,  aa  i«  also  their  tendency  to  form  difficultly  soluble 
basic  salts. 

/  m  ftaratum  oj  Ceric  Compound*.  —  As  ban  town  already  stated,  ccroua  hydroxide 
c»n  HtnniliriK  in  tin-  uir  gradually  turns  yellow,  on  account  of  the  formation  (if  eerie 
hydroxide.  This  oxidation  tukea  place  uniuediutcly  on  the  addition  of  chlorine  or 
hypochlorite.  If  the  -olntmti  of  a  cerous  suit  is  treated  nil d  eaiistie  potush  mlu- 
Lion  nnd  chlorine  i.i  conducted  into  it.  the  white  cerous  hydroxide  which  vm  At 
first  formed  is  quickly  changed  to  light-yellow  oerfe  hydroxide.  The  latter  com- 
pound dissolves  in  dilute  acids,  forming  orange  solution*.  It  dissolves  in  conoen- 
tntod  hydrochloric  acid  with  evolution  of  chlorine,  forming  cerous  chloride  II 
white  cerous  hydroxide  w  heated  in  the  air,  it  loses  water  and  is  changed  into  CeOj, 
which  is  nearly  white  when  cold,  dark  onagB  whtO  but,  and  ir>  nlmost  entirely  in- 
soluble in  concentrated  hydrochloric  and  nitric  aeidx.  In  the  presence  of  reducing 
sill/stances  (such  ox  Kl,FeSO»,  etc.)  it  dissolves  in  acid*,  forming  ODIOUS  salts: 
2CeO,  +8HC1  +  2  Kl  -  2  KCI  +  4  HJO  +  I,  +  2CeCl,. 

iV(l.  ran  also  I..-  i!r  -..!■.  .-i!  In  wirmin^  *4tk  i-orierntrnted  «iilfurn-  :i.  nl .  with  Bff> 
lntion  of  oxygen  and  formation  of  cerous  sulfate  It  can  I"'  readily  brought  into 
snl hi  ion  by  fiming  with  potassium  pyrosulfate  and  dissolving  the  melt  in  consider- 
able  hot.  water  to  which  a  little  acid  it  added. 

If  a  mixture  of  cerous  and  pram-odymium  hydroxide*  in  ignited  in  the  air,  a  cinna- 
mon-colored mass  is  obtained,  which  contains  all  of  the  ■-.  tivOB  M  •  li  •  >xide  and  is 
readily  soluble  in  dilute  acid*,  forming  eerie  salts.  If  concentrated  HO  is  used, 
there  is  an  evolution  of  chlorine,  the  eerie  salt  being  reduced  to  cerous  chloride. 
Concentrated  nitric  acid  dissolves  it,  forming  cerous  and  ceric  salts;  a  distinct  evo- 
lution of  oxygen  can  always  be  detected. 

I  M  mason  why  the  brown  mass  containing  a  little  praseodymium  dissolve* 
although  the  pure  oxide  does  not,  is  probably  the  following:  CeOi.  like  MnOt  and 
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I'M),  (see  pp.  171  and  218),  playa  the  part  of  an  acid  anhydride,  so  that  the  brown 
mum  contain*  the  praseodymium  as  the  Halt  of  eerie  acid.  On  treating  this  salt 
v.itli  ,i  ifrengsr  Midi  ' '"'  praseodymium  Bait  of  the  latter  is  formed,  setting  free  oeric 
acid  (mir  hydrotldd},  irhien  in  the  hydrated  fonn  is  readily  soluble  in  acid*,  form- 
inn  eerie  wilt*. 

Basic  Ceric  Salts.  —  If  a  solution  of  eerie  nitrate  m  evaporated  on  the  water-bat  h 
to  a  consistency  of  syrup,  the  mux*  dissolves  readily  in  wnter  after  it  has  become 
cold,  and  the  solution  can  be  boiled  without  becoming  turbid.  If,  however,  a  Utile 
iicid  is  added,  a  yellow  precipitate  is  immediately  formed,  consisting  of  bane 
Oeric  nitrate;  on  the  addition  of  more  acid  the  precipitate  rediseolve*.  This  can 
lie  explained  as  follow*:  By  treating  the  solution  of  eerie  nitrate  with  considerable 
■mta!  it  Ivecomes  hydrolyxed  considerably,  but  the  basic  salt  produced  is  present 
ni  ihr  hyirosoU  state  aii'l  i->  changed  by  the  acid  into  the  hxjdiuyrlr  fans. 

A*  hint  hum  in  i  ami  •.lidviimiiii  salt*  do  not  yield  basic  salt*  under  these  condition*, 
this  property  con  be  used  for  Mptntinf  OBrfua  hen  llwse  metals. 

It  is  chsriicii-riBtic  of  eeriutu  t<>  form  with  iininioiiium  nitrate  nn  easily  crystal- 
lisablt    all,  ccric  ammonium  nitrate:  Oe(>JO|)«  •  2  N!I(N'0,  •  HjO. 

All  ceric  salts  may  be  readily  [tduml  l>y  the  ordinary  reducing  agents  (alcohol, 
1 1 1 .  S<  '. ,  i  .  H,< ),.  ete.),  to  ccrous  salts. 

1.  NaOH,  KOH  or  NH«OH  precipitate*!  yellow,  shiny  ceric  hydrox- 
ide, Ce(OH)4.  It  dissolves  in  nitric  acid  giving  a  red  solution  but  with 
hydrochloric  acid  chlorine  is  evolved  and  ccrous  chloride  is  formed 

2  Ce(OH).  +  8H-»-  +  2Cr—  2  Ce^  +  CI,  |  4-  8  Hs0 

Ceric  hydroxide  is  a  weak  base  and  oeric  salts  are  unstable  and  easily  reduced  in 
acid  solutions.  Ceric  chloride  is  known  only  m  sulutinn  and  il  lirunnpnus  easily 
like  manganic  chloride. 

Ccric  hydmv  rra  in  sulfuric  acid  giving  a  mixture  of  ccrous  and  cerio 

sulfate*.     Dry  ccri.  mlfifel  is  known  and  arytUli  of  it.  with  four  molecules  of  water 
can  be  obtained  but  heating  in  sulfuric  mid  solutions  causes  decomposition; 
4  Ce<SO,),  +  2  H*0  —  2  Cc,(SO,),  +  2  H.SO.  -f  O,  t . 

2.  Oxalic  Acid  added  to  a  concentrated  solution  of  ft  ceric  salt  at 
first  precipitates  a  dirty  orange  precipitate  which  gradually  becomes 
>i  How  and  gclutinous  as  the  addition  of  oxalic  acid  is  continued,  and 
finally  •  a  y:-i  allim-.  The  precipitate  dissolves  in  a  large  excess  of  oxalic 
acid,  but  the  solution  gradually  becomes  turbid  in  the  cold,  or  more 
quickly  on  heating,  u*  the  ccric  salt  is  reduced  to  ccrous  salt  at  the 

of  the  oxalic  acid  from  which  carbon  dioxide  is  evolved. 

Finally  all  the  MriUDO  will  DC  precipitated  as  ccrous  oxalate.     (Differ- 

B  from  La,  I>i  and  the  yttriuin  earths.) 

Ammonium  Oxalate  behaves  similarly. 

3.  Ammonium  Nitrate  in  concentrated  nitric  acid  solution  gives  a 
relatively  baohibte  double  nitrate,  Ce(NrT«),(NOj)«.  The  other  cerite 
metals  form  more  soluble  double  nitrates. 

4.  Hydrogen  Peroxide  reduces  acid  solutions  of  ccric  salts: 

2  C.V  "-  +  HsO,  -  2  Ce+++  +  2  H+  +  0,  | . 
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Reactions  in  the  Dry   Way 

The  borax  bead  1-  colored  dark  brown  when  hot  ami  light  yellow 
to  colorless  when  cold,  after  being  heated  in  the  oxidizing  flame.  In 
the  reducing  flame  the  bead  become*  colorless,  although  strongly 
ignited  CeOj  will  ivmain  suspended  in  the  bead,  giving  it  a  turbid 
yellowish  appearance. 

Lanthanum,    La.    At.  Wt.  139.0.    M.  Pt.  810®  ? 

Lanthanum  fur ins  only  one  nxidr.  *  I.:i.i.»:.  which,  even  after  being 
Btrongly  ignited,  dissolves  reudilv  in  acids.  Its  salts  are  <■,  ,\, ,,  I,  .  ;,  i 
yield  no  absorption  spectrum,  so  that  lanthanum  may  be  distinguished 
in  this  way  from  didymium  and  erbium.  The  arc  spectrum  however 
shows  characteristic  lines  in  the  violet  and  ultra-violet  part.  It  ifl 
the  most  basic  of  the  ce.rite  earths.  The  oxide  is  white  when  pure  and 
resembles  calcium  oxide  (lime)  in  its  behavior  toward  water  and  toward 
carbon  dioxide.  The  Sulfate,  La^SOda  •  9  HjO,  is  prncticully  insoluble 
in  water  at  20°  to  30°  but  dissolves  in  ice  water.     The  salts  are  colorless. 


Reactions  in   the  Wet   Way 

A  solution  of  lanthanum  nitrate,  La(NO»)»,  should  be  used. 

1.  NHiOH  and  (NHihS  precipitate  a  white  basic  salt  which  is 
difficult  to  filter.  The  presence  of  tartaric  acid  prevents  the  precipi- 
tation.    (Difference  from  yttrium.) 

2.  KOH  and  NaOH  precipitate  the  white  hydroxide,    La(OH 
There  is  no  change  to  be  noticed  on  treating  with  oxidizing  eg 
(difference  from  Ce).     La(()H)i  is  soluble  enough  in  water  to  turn 
red  litmus-paper  blue,  and  it  decomposes  ammonium  salts  on  warm- 
ing with  evolution  of  ammonia.     The  fused  oxide  is  readily  soluble 
in  acids. 

3.  (NH«)iCOi  produces  a  white  precipitate  slightly  soluble  in  an 
excesuof  the  reagent  (difference  from  aluminium);  after  standing  aomc 
time  crystalline  lanthanum  ammonium  carbonate  is  precipitated. 

BaCO,  onuses  complete  precipitation  nf  lanthanum. 

4.  Oxalic  Acid  produces  a  white  crystalline  precipitate,  insoluble  in 
an  excess  of  the  precipitant  and  in  ammonium  oxalate,  but  soluble  in 
dilute  mineral  acids.     (Difference  from  Th.) 

5.  KsSOt  precipitates  white,  crystalline  L:i;( st  >,.)»•  3  KjSOi,  in- 
soluble in  a  concentrated  KjSO«  solution.     (Continued  on  p.  530.) 


•  HA  is 
(1800). 


kid  to  BStN  the  fonafttka  '»f  La«0».    Cf.  2.  atiarg,  Chcm.,  SI,  70 


METALS  OF  THE   (NI 


;>25 


1 

v. 


6 
1 


t 


i 


a 


= 

=5 


I 


O 


-  8-4 

►■fi 

■4  1  d 

(C         SI 

•*         9 

-  c     E 
►9Jg 

Mas 


1  Mi 


.3 

3, 
a 


I 

J  1 

ox  t 

-  Jl  E* 

e|21 


I 


a 
e 


a 
| 

"5 


o 
55 


■m 


"  =  :-_ 


8 


a 


i. 

ft? 

U 

••S 

% 


[HI 


JT_C     J  - 


& 
a 


o 


.£  =  2 


I 


* 
— 


C 


ii 


526 


REACTIONS  OF  SOME  OF  THE  RARER   METALS 


3 
3 

a 

£ 
a 
e 
2 


3 
3 

1 
g 

o 
Z 


■SdS 


■3 1 


5-SlJ 

•si  H 

o  o        - 

ft-  g  ^ 

■S.3W 


a 
Z 


B 
Z 


§ 

z 


A* 

3  S 


£-6 
P 

*~ 
3.3 

s3 


3 

3J 

Si 

3 


ill 

rl 

wac 


- 


3 
§ 

.3. 
'5 

£ 

a 

o 
Z 


1 

- 


a 

o 
Z 


I 

- 


a 
o 
Z 


a 
I 


c 
o 

z 


3.3  .|"i 

&.E.E  8 


~    - 


3 

3 

a 

a 

£1. 

a 

a 

B 

r. 

£ 

a. 

a 

o 

o 

Z 

Z 

3  s     -a 
111'! 

3-H=c 

5-2  £-2  = 

7j  o-e.c 

?,  c  a  is 


—  ti  s  2  S-i  X 
Pf*pf| 

8"B  ft  1 

ifjll* 

151111  rfl3 


3£i 
5 

iss 

T  t  = 
£  •• 

.£§ 


.5-SL 


a 

88 


E 

e 


3 
< 


I 

- 
f 

£ 

© 
z 


to  o  >,  u 
c  s  -a 


•so  t- 


1     «P 

1-lNr 


c 


5   JpH 
3  O   0/   a 


.2  =  £ 


o 

r- 


ft  x  • 

•"  8J1 

s?.H      = 


6 

m 


Si 


i 


s 


o 

p 


fib 

o 


cc 


I 

■< 

Si 


a 
If 

fill 


METALS  OF  THE  (NBLJiS  GROUP 

1    d 

—•  5  «•  c 
*  £3  i 


o 
Z 


I 


s 

1 
SB 


!6! 


i 


;1! 


KM 


is 

1= 


i—  -  V  5 


a 


527 


528 


KK ACTIONS  OF 


RARER   METAI 


P 


"5  a 


IglSI 


l     —    *•  * 


Stii^ 


fcfas 


ii5 


^■1  c^° 


a 

•3 


- 

a 

a 


5 

e 


re?1 

'<  §■«   -oa: 

srt  I- 


a;5J^=:  -• 

^sjs.g   ,3 

iilfli 

A^  =^  St 

W||| 


rllJ 

h 


rffj 

1  H 


a 

38S-S? 

Ma  f 

mi* 
mh 


■en   -a 


--.  jus**: 

j£3   fi  3.1^5  ■§': 


Pi  1   -- 


ICise* 


META1S  OF  THE  (NH«)£  GROUP 


629 


litiiiltl 


"W  ?> 


i 


cS^ftSia^-SG 


530 


REACTIONS 


OF  THE  RAREK   METALS 


6.  Lanthanum  Sulfate  is  soluble  only  in  ice-cold  water;  on  wann- 
ing the  saturated  solution  to  30°  the  salt  separates  out  thickly  (differ- 
ence from  cerium). 

7.  Iodine.  —  If  ammonia  is  added  to  a  cold,  dilute  acetic  acid 
solution  of  a  lanthanum  salt,  ami  tin-  shiny  precipitate  is  washed  with 
water  and  then  treated  with  solid  iodine,  tin*  whole  moss  gradually 
assumes  a  blue  color  which  is  similar  to  that  produced  by  the  action 
of  iodine  upon  starch  (this  property  is  peculiar  to  lanthanum).  The 
blue  color  is  destroyed  by  the  addition  of  acids  Of  alkalies,  and  dis- 
tinguishes it  from  all  the  other  earths. 

8.  HF  precipitates  white  gelatinous  lanthanum  fluoride,  which 
eventually  becomes  crystalline  LaFi-3H»0;  the  precipitate  is  in- 
soluble in  an  excess  of  the  precipitant  and  in  dilute  acid  it  is  gradually 
dissolved  by  strong  mineral  acids. 

9.  Na2S-Oj  does  not  cause  precipitation  of  lanthanum  ions. 


DlDYMIUM 


NEODYMIUM,  Nd.     At.  Wt.  144.3.     M.  Pt.  840°? 
{  PRASEODYMIUM,  Pr.     At.  Wt.  140.9.     M.  Pt.940? 


It  is  very  difficult  to  separate  these  two  metals  from  one  another. 
It  is  accomplished  only  by  repeated  fractional  crystallization  of  the 
ammonium   double   nitnit.e*. 

Neodymium  apparently  forms  only  one  oxide,  NdjO,;  it  appears 
bluish  after  being  ignited,  and  is  readily  soluble  in  acids,  forming 
violet  sult>,  which  afford  a  characteristic  absorption  spectrum. 

Praseodymium,  on  the  other  hand,  forma  a  greenish-white  oxide, 
PrtOi,  which  on  being  ignited  is  changed  into  dark-brown  peroxide, 
FnCh.  On  bring  heated  in  it  i  ream  of  hydrogen,  the.  latter  is  reduced 
back  to  Pr»Oa.  The  peroxide  dissolves  in  acids  with  loss  of  oxygen, 
forming  greenish  salts  corns  ponding  to  the  lower  oxide  and  yielding 
a  characteristic  absorption  spectrum. 

The  Didymium  reactions  take  place  with  a  mixture  of  the  two 
elements.     A  solution  of  didymium  nitrate,  Di(NOi)i,  is  used. 

Didymium  salts  arc  violet  and  show  a  characteristic  sitworp- 
tion  spectrum  (difference  from  Ce  and  La).  The  behavior  toward 
NH.OH,  (NH.),S,  KOH,  (NH,)sC08,  and  K^O,  is  exactly  the  same 
as  with  lanthanum.  Oxalic  acid  precipitates  the  reddish  oxalate, 
which  in  other  respects  is  like  lanthanum  oxalate. 

Absorption  Spectrum  of  Praseodymium.  —  596.9mm,  590.4*^,  482. lu^. 
469.6^n,  and  444.1mm- 

Absorption  Spectrum  of  Neodymium.  — 729.1mm,  690.6mm,  (679.7mm, 
675.9mm),  581.7am*,  (622.2mm,  520.9mm),  512.0mm,  500.6mm,  482.1mm, 
475.9mm,  469.5mm.  461.4mm,  444.3mm,  434.1mm,  427.7mm,  417.3mm- 
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Samarium,  Sa.    At.  Wt.  160.4 

Samarium  is  lie  leasi  I  ►  a  *  -—  i  ■  -  member  "I  the  rente  earth  uruup  iirul  i«  xoinewhat 
Kimilnr  to  M-rliiurn  of  the  yttrium  earth  group.  Its  salt*  .ire  eolored  topux  yellow 
and  arc  of  the  triviilcrit  riift.il  tyi»-  Ita  reactions  arc  similar  to  lh"M  ni  ■  in.  <,\  in  t 
members  of  the  group.  The  <liml>lr  nilr:it«\  lu-ronhng  to  the  general  rule  given  mi 
p.  619,  is  the  mo»t  soluble  and  least  stable  of  the  group. 

TANTALUM,  Ta,  At.  Wt.  181.6,  and  NIOBIUM,  Nb,  At.  Wt.  93.1  * 

These  two  rare  elements,  belonging  to  the  nitrogen- vanadium  group, 
Form  oxide*  of  the  formula  RjO&,  which  behave  as  acid  anhydrides 
and  should  have  been  considered,  perhaps,  under  the  aeids.  Since, 
however,  tantalic  and  niobic  acids  are  soluble,  under  certain  conditions, 
in  strong  ucids  and  from  these  solutions  are  precipitated  by  ammonia 
ami  ammonium  sulphide,  it  seems  better  to  consider  them  at  this  place. 

Occurrence.  —  In  the  form  of  meta-acids  these  elements  appear  in 
the  isomorphous  minerals  tantalite,  Fe(TuO»)i,  and  mobile  or  r.ilum- 
bite,  Fe(NbOj)s,  which  are  ferrous  salts  of  tantalic  and  niobic  acids. 
In  tantalite  a  part  of  the  tantalic  acid  is  replaced  by  niobic  acid  and 
a  part  of  the  iron  by  manganese.    Niobitu  shows  an  analogous  behavior. 

In  the  form  of  pyro  acids  the.  two  elements  occur  as  an  isomorphous 
mixture  Y4(TajOr)s  and  Y^NhjCMj,  in  the  mineral  yttrotantalitt-. 
Finally  tantalum,  and  to  some  extent  niobium,  replace-  t  !»■  phos- 
phorus  in  monazite,  (Cc,La,Di)P04.  Tin  is  usually  found  in  all 
the  above  minerals  and  often  tungsten;  conversely  cassiteritc  and 
wolframite  often  contain  small  quantities  of  niobic  and  tantalic  ucids. 

Tantalite  and  niobite  are  attacked  by  fusing  with  potassium  acid 
sulfate;  impure  niobic  and  tantalic  acids  are  left  undissolved  upon 
treating  the  melt  with  water.  Sulfuric  acid  can  be  removed  from  the 
residue  only  by  heating  with  ammonium  carbonate. 

Tantalum,  Ta.    At.  Wt.  181.6  M.  Pt.  =  2850°.    Sp.  Gr.  =  16.6 

Metallic  tantalum  t  i«  ductile,  although  the  presence  of  a  little 
impurity  makes  it  harder  than  tool  steel.  On  ignition  in  the  air  it 
assumes  a  yellow  to  blue  tinge  caused  by  a  thin  coating  of  oxide. 
Tantalum  is  not  attacked  by  boiling  HjSOi,  HOI,  HNOj,  or  even  aqua 
regia,  but  it  is  slowly  dissolved  by  hydrofluoric  acid  with  evolution 
of  hydrogen;  any  metal  remaining  undissolved  is  then  brittle  on 
account  of  adsorbed  hydrogen.  The  concent  rated  solution  in  hydro- 
fluoric acid  forms  with  concentrated  KOH  insoluble,  crystalline  potas- 
sium tantalum  fluoride,    K»TaFj.     By  evaporating  the  solution  in 

•  Also  called  Columbium,  Cb. 

t  W.  vow  Bolton,  Z.  EUtlroch*mit,  11,  «  (1905). 
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HF  with  concentrated  il..SO,  until  the  former  acid  is  all  expelled,  the 
residue  dissolves  in  a  little  cold  water,  but  the  solution  becomes  turbid 
on  dilution  or  especially  by  boiling. 

Tantalum  forms  two  oxides,  Ta»0<  and  TajOj,  the  former  being 
indifferent  chemically  and  the  latter  is  somewhat  amphoteric  but  is 
usually  regarded  as  the  anhydride  of  a  weak  acid.  After  ignition, 
the  ixTitoxiile  is  insoluble  in  n.rids,  except  hydrofluoric  ucid  and  n 
mixture  of  sulfuric  and  hydrolhioric  acids,  it,  can  he  volatilized  by 
heating  with  ammonium  fluoride.  Fusion  of  the  oxide  with  caustic 
alkali  in  a  silver  crurible  gives  rise  to  alkali  tatttalates,  both  the  nntu- 
and  hexatantalates  being  known ;   only  the  former  are  soluble  in  water. 

Potassium  hoxatantalate,  KgTa«0»  +■  16  HjO,  is  soluble  in  water 
and  caustic  potash  solution;  the  corresponding  sodium  salt  is  soluble 
in  water  but  not  in  caustic  soda  solution.  If  potassium  hexatantalate 
is  treated  with  hot  water,  a  part  of  it  goes  into  solution  and  under- 
goes hydrolysis,  forming  a  colloidal  solution  of  IIRTa«Oig.  If  CO*  is 
conducted  into  the  solution,  tb«  tantalic  acid  is  completely  precipi- 
tated in  a  flocculent  condition.  (Difference  from  niobic  acid.)  The 
remaining  tantalates  are  all  insoluble. 

Tantalum  pentachloride,  TaCh,  is  formed  by  heating  metallic  tan- 
talum, or  a  mixture  of  tantalum  oxide  and  carbon,  with  dry  chlorine: 
or,  lietter,  by  heating  with  dry  carbon  tetrachloride.     It  melts  at  211" 
uml  sublimes  into  a  crystalline  mass  which  is  decomposed  by  v 
forming  insoluble  mi  die  acid.     The  pentachloride  dissolves  in 

sulfuric  and  in  hydrochloric  acids  and  is  somewhat  soluble  in  potas- 
sium hydroxide  solution. 

Tantalum  fluoride  is  formed  by  dissolving  tantalum  pentoxide  in 
hydrofluoric  acid.     (See  below.) 


Reaction!  in    the    Wet    Way 

A  solution  of  potassium  hexatantalate  should  be  used. 

I.  Mineral  Acids.  —  (a)  H,SO,  precipitates  tantalic  acid  from  cold, 
dilute  solutions,  and  the  precipitation  becomes  nearly  quantitative  on 
boiling.  Hot,  concentrated  HXS()4  dissolves  the  precipitate  produced 
by  the  dilute  acid.  On  diluting  the  solution  with  water  after  it  has 
become  cold,  the  tantalic  acid  is  rcprecipitated  (difference  from 
niobium). 

{b)  HC1  added  to  a  concentrated  solution  at  first  produces  a  pre- 
cipitate, which  dissolves  in  an  excess  of  the  acid,  forming  an  opalescent 
solution.  From  this  solution  sulfuric  acid  precipitates  tantalic  acid 
in  the  cold,  but  the  precipitation  is  not  quantitative  even  on  boiling. 

(c)  HNOi  has  the  same  action  as  5C1. 
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2.  NH4OH  and  (NH^jS  precipitate  from  the  hydrochloric  acid 
solutions  cither  tantalic  acid  itself  or  an  acid  ammonium  tantalate; 
tartaric  acid  prevents  tin-  precipitation. 

3.  Na,C03  produces  a  partial  precipitation  of  tantalic  acid  when 
added  to  an  acid  solution  of  a  tantalate,  but  the  precipitate  dissolves 
in  an  excess  of  the  precipitant. 

4.  HjS  precipitate*  tantalic  acid  in  the  cold,  especially  from  sul- 
furic acid  solution,  and  the  precipitate  is  almost  quant itativc 

5.  H-.0-;  dissolves  freshly  precipitated  tantalic  acid  if  acid  or  alkali 
is  present.  From  the  solution  thus  obtained,  the  tantalic  acid  is  not 
precipitated  by  the  above  reagents  unless  the  pertantalatc  is  decom- 
posed by  boiling  the  alkaline  solution  or  by  the  action  of  sulfurous 
acid. 

6.  Kj[Fe(CN)«|  and  KCNS  produce  white  precipitates. 

7.  Tincture  of  Nutgalls  produces  no  precipitate  (difference  from 
niobic  acid). 

8.  K«|Fe(CN)«)  produces  in  acid  solutions  a  light-yellow  precipi- 
tate, which  becomes  brown  on  the  addition  of  a  little  ammonia. 

9.  HjKFj].  —  If  a  concentrated  solution  of  tantalic  acid  in  hydro- 
fluoric acid  is  treated  with  KF,  the  difficultly  soluble  KalTaFr)  is 
formed,  which  separates  from  the  solution  in  the  form  of  orthorhombir. 
needles  (200  p«rfcs  of  water  dissolve  1  part  of  salt)  (difference  from 
niobium).  On  boiling  the  solution  of  potassium  tantalic  fluoride,  the 
very  difficultly  soluble  oxyfiuoride  precipitates  ( KiTajOsFu).  By 
means  of  this  reaction  the  merest  trace  of  tantalic  acid  can  be  detected 
in  the  presence  of  niobic  acid. 

10.  Zn  and  HC1  do  not  produce  colored  solutions  (difference  from 
niobium). 

Reactions  in   the  Dry   Way 

TajOi  is  infusible.  The  salt  of  phosphorus  bend  remains  colorless 
in  both  oxidizing  and  reducing  flames.  The  addition  of  FeS04  does 
not  cause  the  formation  of  a  blood-red  color.  (Difference  from  Ti  and 
Nb.) 

NIOBIUM.     At.  Wt.  93.1.     Sp.  Gr.  =  12.7.     M.  Pt.  =  1960°  C.* 

The  metal  niobium,  also  called  columbium,  is  very  similar  to  tan- 
talum but  is  more  readily  attacked  by  acids. 

Niobium  forms  three  oxides:  NbjO:,  Nbj04,  and  Nb,06)  of  which 
the  last  is  an  acid  anhydride.  NbiO&,  like  Ta«Oi,  is  insoluble  in  acids 
after  it  has  been  ignited  and  is  not  rendered  soluble  by  fusing  with 

•  Wbrxkr  von  Bolton-,  Chtm.  Zentratbl.,  1906,  I,  58©. 
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potassium  pyrosulfnte.  The  melt,  dissolves  in  cold  water,  but  niobic 
acid  separates  from  the  solution  on  boiling.     By  fusing  *  I  f  n 

K;C.'Oj,  potassium  hexaniobate,  KsXhtOis  •  16  HjO,  is  formed,  which 
is  soluble  in  water.  The?  corresponding  sodium  salt  is  insoluble  in 
caustic  soda  solution,  but  soluble  in  water  (1  :  200  at  15°  and  1  :  75 
at  100°).  It  is  more  than  twice  as  soluble  as  the  corresponding  tan- 
talatc. 

Sodium  hexaniobate  is  largely  hydrolyzed  in  aqueous  solution,  form- 
ing a  colloidal  solution  of  niobic  acid,  HgNb«Oi».  By  passing  CO| 
through  this  solution  for  half  an  hour,  there  is  no  precipitation  of 
niohk  acid,  but  only  after  long  standing.  (Difference  from  tantalic 
acid.) 


Reactions  in   the  Wet  Way 

Use  a  solution  of  potassium  hexaniobato. 

1.  Mineral  Acids  product  in  alkali  uiobatc  solutions  a  white, 
amorphous  precipitate  of  niobic  acid,  which  is  only  slightly  soluble 
in  an  excess  of  the  acid.  Concentrated  sulfuric  acid,  however,  dissolves 
(be  oiobio  acid  on  warming,  and  the  solution  remains  clear  after  being 

■  Hinted  with  cold  water.     (Difference  from  tantalum.) 

By  boiling  the  diluted  solution,  the  niobic  acid  is  precipitated 
almost  completely,  but  in  a  very  finely  divided  condition,  such  that 
it  is  hard  u<  filter.  If  the  acid  is  exactly  neutralised  with  ammonia, 
the  niobic  acid  is  precipitated  in  a  floeculent  condition  easy  to  filter. 
It  is  best  to  wash  such  a  precipitate  with  0.5  pel  cent  ammonia  n 
or  with  1  per  cent  acetic  acid.  Washing  with  pure  water  causes  a 
turbid  filtrate  and  mineral  acids  should  not  be  used. 

If  a  solution  of  niobic  acid  in  sulfuric  add  is  poured  into  a  eoncen- 
lr.it ed  solution  of  ammonium  sulfate.  DO  niobic  acid  is  precipitated  bj 
boiling.     (Difference  from  tantalic  add.  I 

If  the  niobic  and  i>  treated  with  boiling  hydrochloric  acid,  it  dis- 
solves only  slightly,  but  on  pouring  off  the  add,  the  residue  is  soluble 
in  water.* 

Carbonic  acid  decomposes  sodium  niobate  to  some  extent.  On 
the  other  hand,  >  niobate  solution  prepared  after  fusing  with  sodium 
carbonate  and  potassium  nitrate  is  not  decomposed  by  CO».  (Differ- 
ence from  tantalic  acid.  I 

2.  NH*OH  and  (NH,)2S  precipitate  niobic  acid  from  the  sulphuric 
acid  solution,  and  the  precipitate  is  soluble  in  HF. 

3.  HiOj  reacts  as  with  a  tantalate. 


*  This  behavior  reminds  one  of  melasUnnic  acid.    (Of.  p.  273.) 
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4.  Tincture  of  Nutgails  produces  no  precipitate. 

5.  X«[Fe(CN)6]  produces  a  grayish-green  precipitate. 

6.  H[KF5J.  —  If  niobic  acid  is  dissolved  in  an  excess  of  HF  and 
KF  is  then  added,  readily  soluble  potassium  niobic  fluoride  is  formed 
(12.5  parts  of  water  dissolve  I  part  of  the  salt).  By  boiling  tin:  dilute 
:h|iii-i)U8  solution,  soluble  potassium  niobic  oxyfluoride  is  formed,  which 
is  even  more  soluble.     (Difference  from  tantalum.) 

7.  Zinc  produces  in  an  acid  solution  of  a  niobatc  a  dirty-blue  color- 
ation which  disappears  after  some  time.      (Difference  from  tantalum.) 

Reactions  In  the  Dry  Way 

The  salt  of  phosphorus  bead  is  blue,  violet,  or  brown  in  the  re- 
ducing flame  (according  to  the  amount  of  niobic  acid  which  is  pres- 
ent);  the  bead  becomes  red  on  the  addition  of  FeSOi. 

Separation  of  Tantalum  from  Xiobium  ' 

Fuse  the  two  uxide*  with  »  little  sodium  carbonate  in  n  platinum  crwiMr,  cool. 
Mtroot  with  hot  water  nrid  filter  off  the  undissolved  •odium  bnstaniabU.     Wash 

tin-  r<.<idu«  wftfa  i  nlutaon  "f  NiHDOtaad  ooodud  OOi  iatoffai  Btntc  wbnbf 

some  flocculcnt  tantnlic  acid  will  bo  precipitated,  hut  the  niobic  acid  will  remain  in 
solution.  Filter,  unite  this  precipitate  with  the  residue  from  the  sodium  rarbonntc 
(union  and  dissolve  Ixitli  in  mdfuni'  ncid  and  hydrogen  |>eroxiili'.  Paxs  SO>  into  t.hm 
solution  and  boil;  tnnlalir  acid  will  be  precipitated.  Similarly  natur&te  the  sodium 
curlx>nate  solution  of  sodium  niobatc  with  SOi  and  niobic  acid  will  be  precipitated 
by  boiling. 


•  Wsisb-Landeckgii,  Z.  anorg.  Chem.,  M,  65-103  (1900),  aad  liAVaut-LBwm, 
Z.  angew-  Chem.,  191S,  100. 
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THALLIUM,  VANADIUM,  MOLYBDENUM,  TUNGSTEN,  SKLKMUM, 
TELLURIUM,  KHODIUM,  PALLADIUM,  OSMIUM,  IRIDIUM,  RU- 
TH KM  I M 

THALLIUM,  Tl.     At.  Wt.  204.0.     Sp.  Gr.  =  11.9.     M.  Pt.  =  302° 

Occurrence.  —  Thallium  is  found  in  nature  very  sparingly;  in  small 
amount  in  many  varieties  of  pyrite,  and  accompanying  potassium  in 
earnalite  and  sylvite,  in  many  Lithium  micas  and  in  many  mineral 
waters.  It  replaces  the  silver  to  a  consider:  iblc  extent  in  copper-si  tan 
selcnidc,  in  crookesite,  (AgTlCu)jSe,  and  in  bendUnlte,  (CuAgTl^Se. 
There  are  no  characteristic  thallium  minerals.  The  prineipnl  source 
of  thallium  is  the  dust  from  sulfuric  acid  plants  where  pyrite  con- 
taining thallium  is  used. 

Metallic  thallium  reminds  one  of  lead  in  its  color,  softness,  high 
specific  gravity,  and  low  meltinir-point.     On  bending,  it  cries  like  tin. 

Thallium  dissolves  readily  in  nitric  and  sulfuric  acids,  but  not  so 
readily  in  hydrochloric  acid.      It   forms  two  oxides:    t halloas  o> 
Tl3(),  and  thallie  oxide,  TljO*;  both  are  anhydrides  of  bases  and  from 
them  thallous  and  thullic  salts  are  derived. 


Reactions  in  the  Wet  Way 
A.     Thallous  Compounds 

Thnlloim  compound*  art;  i-olorlcs..  and  soluble  in  water  ns  a  rulo.     The  sulfide, 

.  Iilnruli-,  bnanidtt,  Iodide,  and  rhromatc  are  ianlobb  in  wnter.    Thallous  oxide  ia 

a  dark  powder;  its  aqueous  solution  reacts  alkaline  and  absorbs  carbon  dloaddl 

ItoilinR  with  nitde  add  doe*  not  oxidiw;  thallous  salts  but  aqunn^jo 

causes  the  fornuition  of  trivalcnt  thollic  salt. 

Thallium  is  like  lead  in  respect  to  its  specific  gravity  and  to  the  solubility  of  ite 
halogen  compound*;  l.ut  i.n  the  other  hand,  il  i-  similar  l<>  the  alkalies  with  regard 
to  the  solubility  and  alkaline  reaction  of  the  hydroxide  and  carbonate,  and  with 
regard  to  its  forming  an  insoluble  rhloroplatinute,  an  alum  and  an  insoluble  colxdli- 
nitrite. 

Uee  a  solution  of  thallniw  sulfate,  for  the  following  reactions: 

1.  H-S  causes  no  precipitation  from  solutions  which  contain  mineral 
acids;  in  neutral  solutions,  thallium  is  incompletely  precipitated  as 
black  thallous  sulfide,  TIjS.  TIjS  is  readily  soluble  in  mineral  acids, 
l"if  insoluble  in  acetic  add  and  alkaline  sulfides.  It  is  oxidized 
readily  on  standing  in  the  air  to  thallous  sulfate. 
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2.  (HH«)jS  precipitates  all  of  the  thallium  as  Tl:S. 

3.  KOH,  NaOH,  or  NHiOH  produces  no  precipitation. 

4.  Alkali  Carbonates  cause  precipitation  only  in  very  concentrated 
solutions,  for  t-hallous  carbonate  is  fairly  soluble  (100  parts  of  water 
dissolve  5  parts  of  the  salt). 

5.  HC1  produces  a  heavy,  white  precipitate  of  thallous  chloride, 
very  slightly  soluble  in  water,  and  still  less  so  in  water  containing  a 
little  hydrochloric  acid. 

6.  KI  precipitate*  yellow  thallous  iodide,  Til,  from  oven  the  moat 
dilute  solutions;  this  is  the  most  sensitive  reaction  for  thallium.  Un- 
like lead  iodide,  it  dissolves  in  cold  sodium  thiosulfutc  solution. 

7.  Alkali  Chromates  precipitate  yellow  thallous  ehromato,  insoluble 
in  cold  nitric  or  sulfuric  acid. 

8.  Hj[PtCl«]  precipitates  light-yellow  thallium  chloroplatinatc, 
which  is  quite  insoluble  in  water;  1  part  dissolves  in  15,(300  parts  of 
water  at  15°  C.  and  in  1950  parts  of  water  at  100°  C. 

9.  AMSCyh.  —  If  a  solution  of  thallous  .sulfate  is  treated  with 
aluminium  sulfate  ami  the  solution  is  then  allowed  to  crystallize, 
glistening,  colorless  octahedrons  are  obtained  of  thallium  alum, 
TIAKSCMj  +  12  H,0. 

10.  Kj[Fe(CN)Q]  precipitates  brown  Tl(OH)j  in  alkaline  solutions; 

2  [Fe(CN)sj—  +  3  OH"  +  Tl+-*2  [Fe(CN)«]"  +  Tl(OH)j. 

11.  Zinc,  Aluminium  or  Magnesium  precipitates  metallic  thallium 

in  the  form  nf  black,  tiny  crystals: 

Zn  +  2Tl+->Zn-H-  +  2Tl. 

12.  Sodium  Cobaltinitrite  precipitates  light-red  thallous  cobalti- 
nit  rite : 

|Co(NOi).]—  +  3  TI+  —  Tb[Co(NO,),). 

0.      Thallic  Compountt* 

Thnllic  compound*  cannot  ri»  u  rule  ba  prepared  by  the  oxidation  of  thallous 
Compound*  (with  the  exception  of  tli:illic  chloride,  which  is  readily  obtained  by  tin- 
action  "f  chlorine  wnUr  upon  th&UotU  nhlflritr1  They  an  obtained  by  the  solution 
of  thallic  oxide  ■  in  acids,  and  can  be  distinguished  from  tnaUoue  compound*  by 
the  MM  with  which  they  suffer  decomposition  in  aqueous  notation.  Thus  thallic 
sulfate  ia  decomposed  on  bofttng  ita  aqueous  solution  into  thallic  hydroxide  and 
nlfarieadd;  'in  aitrata  lie-have*  similarly. 

The  chloride,  TIC1,,  i*  u  hygroscopic  and  not  very  stable  milmtance;  on  being 
heated  hi  UtO '■"  i. '.  i-lilnrim    I."  evolved  ivitli   Ihi"  formation  Of  IIimIIhiih  ohloridB 


*  TliOi  ib  not  attacked  in  the  cold  by  concentrated  sulfuric  arid,  but  i*  dissolved 
on  warming.     The  hydratcd  oxide,  T10(OH>,  u  much  more  soluble. 
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1.  KOH,  NaOH,  and  NH4OH  precipitate  browa  thallic  hydroxide, 
T1(()1I)>,  from  solutions  of  thallic  salts,  which  changes  to  TIO(OH) 
nn  standing  in  the  :iir;  it  is  difficultly  soluble  in  acids  and  insoluble  in 
an  excess  of  alkali. 

2.  HC1  and  alkali  chromates  do  not  cause  precipitation. 

3.  KI  precipitin iv  thallous  iodide  with  deposition  of  iodine. 
IT  4-^^-^111  +  1,. 

4.  HSS  in  acid  solutions  causes  reduction  with  precipitation  of 

sulfur, 

H,S  -f  Tl+++  —  TI+  4-  2  H+  4-  S. 
If  the  acid  is  neutralized,  tluillous  sulfide  precipitates. 

Keuctions  in   the  Pry  Way 

Thallium  salts  color  the  non-Iuminoui  ir.-i--ll  unfl  :i  lwautiful  emerald 
green.  The  thallium  spectrum  consists  of  a  green  line  at  636.0,  nearly 
coincident  with  the  green  barium  line  at  534.7. 

Indium,  In.    At.  Wt.  114.8 

Sp.  C!r.  7.8.     M.  Pt.  156* 

Indium  wan  discovered  in  nine  •         sod  l,v    >l-..  I>ccn  found  associated  with 

tunipt'Ti.    The  free  •  ■li-im-ni   is  a  whin-,   lustrous  metal  resembling  pit 

iiiM-aranw.    It  w  very  soft  and  ductile  and  leave*  a  mark  on  paper.    It  i«  wridUMl 

!....  i,    in  contact  "illi  »ir  bttt  !■■  rcmlilv  than  line.     The  metal  dissolves  in  dilute 

hydrochloric  nnil  sulfuric  i  li  liberation  of  liyilropn  ;unl  formation  of  triva- 

lent  indium  ions: 

2  In  +  8  H*-  —  2  In+-H-  +  3  H,  t  . 

Nitric  acid  diaaolvos  it  readily  but  with  sulfuric  acid  the  anhydrous  salt 
out 

tedium  tom  three  chloride*,  WC1,  \YC1,  and  WCI,  but  only  the  salt*  of  tl 

trivulcnt  metal  are  stable  in  wiiunmin  -nlntiom.     Indium  oxide,  ln;i  i,,  is  pale  j 

win  ii  ooU  :•  m i  nddj  i  hot.    Heating  it  la  hydrogen  gas  or  with  oatboa 

pvi'-  reduction  to  metal.     The  limited  oxide  dissolve*  xlowly  in  cold  acid*  but  more 
readily  in  hot,  i        Imlium  salts  arc  colorless;  the  sulfate,  nitrate  and 

chloride  dissolve  in  water. 

Reactions  in   the  Wet   Way 

1.  KOH,  NaOH  and  NH«OH  precipitate  white,  gelatinous  indium 

hydroxide : 

In^+30H--.In(OH)». 

Tin    |    i  :i -•  iiiUi  v  aluminium  hydroxide  in  appearance  and 

behavior.  Tartaric  acid  prevents  its  formation.  It  dissolves  in  exc 
of  sodium  or  potassium  hydroxide  solution  but  the  liquid  becomes  tur- 
bid 00  Steading  and  boiling  with  ammonium  chloride  causes  the  re- 
prc.  lpitation  of  the  hydroxide. 
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2.  Na3COj,  KnCOi  and  (NH^sCOj  precipitate  white,  gelatinous 
Inj(COj)j.  It  dissolves  in  an  excess  of  void  ammonium  carbonate 
solution  but  reprecipitatfifl  on  boiling. 

3.  BaCOi  precipitates  a  basic  salt  even  in  the  cold  (difference  from 
Zn,  Mn,  Co,  Ni  and  Fe 

4.  Na;HPO*  gives  a  white,  voluminous  precipitate. 

5.  (NH^iCaOi  precipitates  white,  crystalline  indium  oxalate  from 
fniieentrated  solutions. 

6.  NaCiHaOs  added  to  a  boiling,  nearly-neutral  solution  of  indium 
sulfate  causes  the  precipitation  of  basic  indium  sulfate. 

7.  H2S  in  neutral  or  acetic  acid  solutions  gives  a  yellow  precipitate 
of  indium  sulfide: 

2  In++*  +  3  H,S  -» In-S,  +  6  H+. 

The  precipitate  is  not  formed,  except  on  dilution,  if  the  solution  con- 
tains considerable  mineral  acid. 

8.  (NH«)iS  gives  a  white  sulfide  precipitate.  By  boiling  the  yellow 
sulfide  with  yellow  ammonium  sulfide,  it  is  changed  to  white  sulfide 
and  dissolves  to  some  extent;  on  cooling,  a  white  voluminous  sulfide 
precipitate  is  formed.  It  is  not  quite  clear  just  what  symbols  should 
be  assigned  to  the  white  and  yellow  sulfide  precipitates. 

9.  Kt[Fe(CN).i]  gives  a  white  precipitate  of  indium  ferrocyanide. 

10.  Ks[Fe(CN)«l,  KCNS  and  KjCr-Or  give  no  precipitation.  K.CrO, 
produces  a  yellow  precipitate. 

11.  Zinc  precipitates  indium  as  white,  lustrous  flakes. 

Reaction*  in   the  Dry   Way 

Heated  on  charcoal,  the  surface  of  the  charcoal  is  given  a  lustrous 
metallic  coating.  Indium  salts  color  the  H.-nne  a  peculiar  bluish  violet. 
In  the  spectrum  two  distinct  blue  Inns  are  bmo  at  451.1p/*  and  410.1w 


Gallium,  Ga.    At.  Wt.  70.1 

8p.  Gr.  -  5.06.     M.  It.  -  301* 

Gallium  is  of  quite  common  occurrence  in  small  quantities.     It  is 
found  in  many  samples  of  sphalerite  and  in  bs  uxite*  as  well  as  in  other ' 
minerals.     It  is  a  hard,  while  met*]  which  is  not  very  ductile  and  is 
not  easily  oxidized. 

Hydrochloric  acid,  potassium  hydroxide  and  ammonia  dissolve  gal- 
lium with  evolution  of  hydrogen  gas. 

Ga  +  2  H+  —  Ga*+  +  H,  f  , 
Ga  4-  2  OH-  -♦  [GaOaT-  +  H,  T  , 

Ga  +  2  H50-  +  I  NHj  -*  [Ga(NHI)«l++  +  H,f+2  OH". 
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The  metal  i*  passive  to  cold  nitric  acid  but  on  heating  it  dissolves  and 
red  vapors  are  evolved. 

Ga  +  6  HNO,  —  Ga(NOs),  +  3  H,0  +  3  NO,  | . 

Gallium  forms  bivulent  gallous  salts  and  tri  vale  tit  gallic  Baits.  Tha 
gallons  compounds  are  unstable  and  easily  oxidized.  Gallic  oxide, 
GajOj,  and  its  hydroxide,  Ga(OH)j,  are  white.  Gallic  salts  are  color- 
less or  white.  Gallic  chloride  is  a  colorless,  hygroscopic  substance 
which  melts  at  7i>°  and  boils  at  215-220°.  Evaporation  of  |rOm 
chloride  solutions  causes  volatilization  of  gallic  chloride  but  there  is 
no  loss  of  gallium  if  sulfuric  acid  is  present. 

Reactions  of  Gallic  Safe*  in  the  Wet  Way 

1.  NaOH,  KOH  and  NH<OH  precipitate  white,  flocculent  gallic 
hydroxide: 

Ga-H+  +  3  OH--»  Ga(OH),, 

readily  soluble  in  an  excess  of  precipitant: 

Ga(OH),  +  3  OH"-*  [GaO,]—  +  3  H,0. 

Boiling  the  ammoniacal  solution  causes  slow  reprecipitation  of  the 
hydroxide.     Tartaric  acid  prevents  precipitation  by  ammonia. 

2.  Na5CO.i  and  (NHOsCOj  give  white  precipitates.  Excess  of 
ammonium  carbonate  causes  the  precipitate  to  redissolvc. 

3.  BaCOj  causes  complete  precipitation  in  the  cold. 

4.  H»S  gives  no  precipitate  in  ncid  solutions  (even  acetic  or  tartaric 
acid)  provided  no  other  precipitable  ion  is  present.  White  gallium 
sulfide,  however,  is  preei pirated  with  sulfides  of  zinc,  .silver,  copper, 
iron  and  ars> 

5.  Ammonium  Sulfide  gives  a  precipitate  only  when  another  insol- 
uble sulfide  is  also  formed. 

6.  Ammonium  Acetate  causes  the  formation  of  an  insoluble  basic 
acetate  from  boiling  dilute  -oltitions  containing  iml  too  much  of  the 
precipitant. 

7.  Cu(OH);  and  MnS  cause  precipitation  of  gallic  hydroxide.  With 
the  manganous  sulfide,  hydrogen  sulfide  is  evolved.  By  means  of 
eupric  hydroxide,  gallium  ions  can  be  separated  from  ions  of  lead, 
cobalt,  nickel,  iron,  thallium,  beryllium  and  the  rare  earths. 


Reactions  in   the  Dry  Way 

Gallium  compounds  give  two  violet  lines  in   the  spark  spectrum 


between  the  G  and  H  lines  at  417.0  and  403*i/i. 
flame  only  one  faint  line  is  seen. 


With  the  Bunsen 
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VANADUJM,  V.    At.  Wt.  61.0.     Sp.  Gr.  =  6.8.     M.  Pt.  =  1730° 

Occurrence.  —  Vanadinitc,  Pbt(VO«)aCl;  carnotite;  *  mottramitv, 
(Cu,Pb)6V3Oio  +  2  H»0;  many  clays  and  in  almost  all  granite. 

Metallic  vanadium  is  silver  white  or  pale  gray.  It  is  often  obtained 
from  its  ores  in  the  form  of  ferro-vauadium  which  is  used  in  steel  mak- 
ing. Vanadium  is  found  in  various  metallurgical  products  and  some- 
times in  caustic  soda.  The  metal  has  strong  reducing  power  ami  is 
soluble  in  hydrochloric  acid. 

Vanadium,  like  nitrogen,  forms  five  oxides:  V,0,  V»0»,  VfOj,  \riO«, 
V.O.. 

The  first  three  of  these  oxides  are  basic  anhydrides.  Compounds 
representing  these  valencies  of  vanadium  are  not  encountered  in  quali- 
tative analysis  except,  to  some  extent,  in  the  tests  for  vanadium  with 
strong  reducing  agents.  Vanadous  oxide,  VaOj,  is  dark  gray  and 
lustrous.  It  is  insoluble  in  water  but.  dissolves  in  dilute  acids  to  form 
blue  solutions  which,  because  of  their  strong  reducing  powers,  decolor- 
ize organic  dyestuffs. 

Vanadic  oxide,  VjOj,  is  black,  insoluble  in  acids  (except  hydro- 
fluoric and  nitric  acids)  and  in  alkali  hydroxide  solutions.  By  ignition 
in  hydrogen,  it  is  not  reduced  but  on  standing  in  the  air  it  slowly 
changes  into  vanadyl  oxide  V1O4.  Acid  solutions  continuing  trivalcnt 
vanadic  salts  arc  green.  The  oxides  VjO«  and  VjOk  represent  the 
types  of  vanadium  compounds  usually  encountered  in  analytical 
chemistry. 

Vanadyl  oxide,  VjO«  (also  called  vanadium  tctroxido),  is  the  anhy- 
dride of  hypovanadic  acid,  V,0»(OH)t.  This  compound  is  an  ampho- 
teric substance  and  forms  salts  with  both  acids  and  bases.  V504  itself 
is  a  blue  powder,  soluble  in  concentrated  acids,  forming  blue  divanadyl 
salts: 

V,04  +  2  HjSOi  =  ViO,(SCn),  +  2  H,0. 

If  the  solution  of  divanadyl  sulfate  is  treated  with  sodium  carbo- 
nate or  ammonia  (avoiding  excess),  hypovanadic  acid  separates  out 
as  a  grayish-white  precipitate,  which,  like  the  anhydride,  is  soluble  in 
acids  with  blue  color  and  in  alkalies  with  a  brown  color.  The  alkali 
hypovanadates  correspond  to  the  symbols  NaiVjOj  and  NaiV«<)». 
Hypovanadates  of  other  metals  are  for  the  most  part  insoluble  in  water 
and  such  precipitates  may  form  when  an  neid  solution  containing  vana- 
dium is  neutralized.     The  divanadyl  compounds  are  readily  formed  by 

•  According  to  Fmkdkl  and  Cum  knob,  carnotitc  contains  1$  per  cent  V«(),  and 
55  per  rrnt.  VOj.  as  well  u  K,  Ca.  Ba,  II,  As,  and  P.     (CV.BH  urn!  Han- 

soms, Am.  J.  Setmc*,  10,  13S.) 
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reducing  solutions  of  the  pentoxide  in  mineral  acids  with  sulfurous  acid 
(of.  i».  ."iiii,  f,  Dii  .'i.-couni  of  their  blue  color,  for  the  di  lec- 

tion of  vanadium.  By  heating  with  nitric  add  0>  aqua  renin,  ai  well 
as  by  fusion  with  an  alkaline  oxidizing  flux,  all  the  lower  oxides  are 
'•li.'niged  into  raoadium  pentoxide,  \  .<>..,  n  one  of  its  salts. 

Vanadium  pentoxide,  VjO»,  is  the  anhydride  of  varmdir  acid  and 
is  an  orange-red,  crystalline  mass,  which  is  readily  fusible  but  non- 
volatile. It  is  only  slightly  soluble  in  water,  forming  a  faintly-acid, 
yellow  solution,  but  readily  soluble  in  concentrated  solutions  of  caustic 

alkalies,  forming  vanadates. 

I.ik.-  phosphoric  ai  ill,  raaadio  acid  exists  in  tin-  form  of  met*-, 
pyro-,  ortho-,  and  poly-compounds,  of  which  the  mcta-eompounds  are 
the  most  Btabk  and  the  ortho-compounds  the  least  so.  Thus  an 
aqueous  solution  of  potassium  or  sodium  orthovanadate  i.*  Iiydrolyzed, 

even  in  the  cold,  into  the  pyro-salt  anil  alkali  hydroxide, 
2  Na*VO,  +  H,0  ?±  Na,V,07  +  2  NaOH, 

and  on  boiling  the  meta-ealt  is  formed: 

Na«V,0>  +  H,0  «=t  2  Na  VO,  +  2  NaOH. 

Thr  .  pyro-,  and  ortho-salts  of  the  alkalies  are  colorless  or 

slightly  yellow,  while  the  poly  vanadates,  e.g.,  the  tetra-  anil  hcxa- 
vanadates,  are  intensely  orange  or  reddish.  Thus  the  colorless  or 
light -yellow  solutions  of  the  ortho-,  mcta-,  and  pyrovanadatea  are 
colored  intensely  orange  on  the  addition  of  acid. 

Strong  acids  dissolve  vanadium  pentoxide  forming  red  or.  yellow 
solutions.  Such  solutions  probably  contain  the  quinquevalcnt  vana- 
dium in  the  cation  as  VOs+  VO+++  and  possibly  a  little  Y++*-m-.  The 
equilibria  between  the  vanadium  in  cations  and  in  anions  are  illus- 
trated by  the  following  equations: 

V.-<>t  —  +  6H+«*2  VO,+  +  3  HsO, 

2  VO,+  +  B  OH"  +±  ViOi "  +  8  11,0, 

V.O7 "  +  10  H+  5=s  2  VO+++  +  5  HjO. 

V1O1—  +  14  H+  <=*  2  ?+**++  +  7  If  0 

2  y++H  ♦  +  14  oh-  c±  V,07  —  +  7  H,0. 

In  acid  solutions,  the  vanadium  is  easily  reduced  to  green  vanadyl  salt 
and  the  change  takes  place  slowly  on  standing  or  by  evaporating  the 
solution  in  hydrochloric  arid. 

Besides  the  above  types   of   vanadium   compounds,   this   1 
exists  as  pervanadie  acid,  HV04,  formed  by  the  addition  of  hydrogen 
peroxide  to  the  acid  solution  of  B  vanadate. 


METAI£  OF  THE  HiS  CROUP 

The  reactions  of  quadrivalent  and  quinquevalent  vanadium  will  be 
considered  together;  thr  other  compounds  an-  not  common  enough  to 
make  it  necessary  to  describe  their  chanictensiie  reactions. 

Reactions  in   the  Wet   Way 

1.  NH«C1.  —  If  a  piece  of  solid  ammonium  chloride  is  udded  to  a 
solution  of  an  alkali  vanadate,  colorless  ammonium  metavanadate 
separates  out, 

NaiViO,  +  4  NHiCl  =•  2  NH4VO,  +  2  NH,  -|-  HjO  +  4  Nat  I. 

difficultly  soluble  in  a  concentrated  solution  of  ammonium  chloride. 

2.  Pb(CjrTjOj)2  precipitates  vanadic  acid  quantitatively  as  yellow 
lead  vanadut- 

8  Pb++  +  2  VOr  "  "  -♦  Pbi(VO«)t. 

This  precipitate,  however,  is  more  soluble  in  dilute  nitric  acid  than  in  lead  chro- 
niutt,  and  it  is  possible  to  separate  chromic  neid  from  vimudic  acid  liy  treating 
the  solution  11I  the  two  acids  with  lend  nitrriN  in  dilut<  nitric  and  Nolution;  under 
the  proper  conditions  all  but  a  fraction  of  a  milligram  of  the  chromium  i»  precipi- 
tated and  100  rngma.  of  vanadium  yield  no  precipitate.*  The  vanadium  can  he 
detected  in  the  hi  irate  by  the  Hid  test. 

3.  NH4OH  added  to  a  cold,  green,  acid  solution  of  a  vanadate, 
containing  some  vanadium  in  the  form  of  cations,  causes  the  color  to 
become  yellow.  After  the  solution  has  been  neutralized,  no  further 
change  is  produced  if  the  solution  contains  none  but  alkali  cations. 
In  the  presence  of  other  cations,  however,  the  vanadate  ion  acid  1m- 
hares  like  phosphate  ion  toward  ammonia;  vanadates  of  ferric  iron, 
aluminium,  uranium  and  barium  are  likely  to  he  precipitated  by  am- 
monia. 

NH«OH  added  to  a  solution  of  a  vanadyl  salt  precipitates  dark- 
gray  hypovanitdic  add : 

YflOkCh  +  4  NH4OH  =  4  NH4CI  +  V,0»(OH)4. 

The  precipitation  i*  not  quantitative  and  kiuoII  quantities  of  vanadium  may 
remain  in  solution  when  the  vanadyl  soli  ii  alone  prevent.  If.  however,  an  exocm 
of  ferric  chloride  is  added  to  the  solution,  the  vanadium  is  quantitatively  precipi- 
tated upon  the  addition  of  ammonia.  This  is  true  both  of  vanndic  acid  and  of 
vanadyl  unit,  ferric  vanadate  and  ferric  hypovanndatc  lieing  precipitated  with  the 
ferric  hydroxide.  Instead  of  ferric  chloride,  an  aluminium  or  uranium  salt  may  be 
used  for  the  same  purpose. 

Sodium  Hydroxide  added  to  an  acid  solution  of  (piiii<|iicvalent.  vanadium  gives 
s  brown  precipitate  soluble  in  an  execsw  of  the  base  and  giving  a  yellowish-green 
solution. 


•  The  suliitii.ti  1    n.mniliied  exactly  with  NaOH,  t  M    Of  UNO,  (sp.  gr.  130} 
are  added  together  with  an  exec**  of  20  per  cent  Pb(NOi)i  solution. 
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4.  (NH^jS  produces  no  precipitation,  but  causes  the  solution  to 
turn  brown,  owing  to  the  formation  of  thio-salts. 

If  hydrogen  sulfide  i»  conducted  into  a  strongly  ammoaiacnl  solution  of  a  vana- 
date or  bypovanadato,  the  w>hiii"u  ■..<  first  turn*  yellow  inli-ni  I,  bat  the  color  slowly 
deepens  until  eventually  a  characteristic,  brilliant,  violet-red  color  is  obtained  when 
iliu  solution  Iiil-  Ik'cmiiic  saturated  with  lljS.  Aiiiiuunium  HtilUi  interfere  somewhat 
with  lln-  i.-l.  Iml  their  inllniriici-  is  .jn'rnwu!  hy  the  ailililn.n  of  a  large  excess  of 
wnmonia.     The  red  color  in  probably  eauK.il  by  the  formation  of  in  tlua- 

vanudatc.    As  little  as  0.2  ingtn.  of  vanadium  can  be  recognised  by  the  red  color. 

The  addition  of  acid  to  tho  red  solution  produce*  a  black  precipitate  of  VjS,  or 
The  precipitation  is  not  quantitative;  tho  liltrsu.-  i«  always  colored  lilue 
anil  rotilsuiiK  ili'h'i-lalilc  amounts  nf  vanadyl  salts.  Tim  pn'cipitatc  is  soluble  in 
alknlicM,  alkali  rorl>onatcs,  and  in  ftlkuli  -liltidefl,  forming  a  brown  .solution. 

Molybdenum  gives  a  similar  red  color,  in  case  it  was  noi  nunpli-tHy  removed 
I  •'.-  pu'vioua  treatment  with  hydrogen  -ullidi-  in  neid  dilution,  ami  mImcim*  the  above 
test  or  may  be  mistaken  for  vanadium. 

Ammonium  sulfide  added  to  an  acid  solution  of  quinquevalent  vanadium,  pre- 
( ijiilates  brown  V*tS,,  slowly  dissolved  by  an  excess  of  the  reagent. 

5.  HiS  gives  no  precipitation  in  acid  solution,  but  reduces  com- 
pounds of  vanadic  acid  to  di vanadyl  compounds,  m  thai  the  solution 

is  iuIiikmI  blue: 

2  H,V04  +  H,S  +  4  HC1  =  ?iOjCIi  +  0H,O  +  S. 

6.  Reducing  Agents  (SO,,  H,S,  HBr,  alcohol,  oxalic  nnd  tartaric 
acids,  sugar,  etc.)  reduce  acid  solutions  containing  vanadates  to  blue, 
vanadyl  salts: 

2  VOT  "  "  +  SOT  "  +  10  H*  -» [  V,0,  ?***  +  SOT  "  +  5  H,0. 
HI  reduces  vanadic  acid  to  green  salt  of  ViOfe: 

VOT~"  +  2  I"  +  8  H+  -»  V+++  +  I,  +  4  H»0. 

The  green  color  only  appears  after  the  iodine  has  been  removed  by 
continued  boiling  of  the  solution. 

Mi-tain,  neb  as  Zn.  Al,  and  f!d.  raiw  si  ill  further  reduction  of  vanadic  acid,  so 
that  the  solution  turns  at  first  blue  (vanadyl  salt),  then  green  (trivaleot  vanad 
nnd  finally  violet  or  lavender  blue  (bivalent  vanadium  i      Ammonium  hydr 
added  to  the  fully  reduced  solution  jrfvea  a  brown  precipitate  which  oxidises  easily. 

Boiling  an  acid  solution  of  a  vanadate  with  concentrated  hydrochloric  acid  and 
alcohol  reduces  the  vanadium  quantitatively  to  di  vanadyl  salt.  Treatment  of 
vanadic  acid  with  ferrous  salt  also  reduces  the  former  to  divonadyl  salt  nnd  the 
excess  of  the  ferrous  iron  can  be  oxidised  by  cold  potassium  dichromatc  solution 
without  oxidising  the  vanadium. 

7.  H:0:.  —  If  an  acid  solution  of  a  vanadate  is  treated  with  a 
hm  drops  of  HjOj  and  shaken,  the  solution  becomes  colored  reddi 
brown  owing  to  the  formation  of  pervanndic  acid,  HVO«,  insoluble  in 
ether.     This  is  a  very  delicate  reaction. 
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8.  Mercurous  Nitrate  precipitates  white  rnercurous  vanadate  from 
neutral  solutions  of  a  vanadate;  the  precipitate  is  soluble  in  nitric  acid. 

9.  Oxidizing  Agents  convert  divanadyl  compounds  into  vanadic 
acid.  The  oxidation  may  be  effected  by  bromine  in  hydrochloric  acid 
solution, 

I  WMH»  +  Br,  +  6  H,0  —  2  VQT"  +  2  Br"  +  12  B+, 

by  dilute  potassium  permanganate  in  hot,  very  dilute  sulfuric  acid 
solution, 

6  ( V,0,]+^+  +  2  MnO«"  -I-  22  H,0  —  10  V(V " ~  +  2  Mn*+  +  44  H  * , 

or  by  sodium  peroxide  in  alkaline  solution: 

IViO,!*  * '  *  +  SaaO,  +  8  OH"  —  2  VO," " "  +  2  Na+  +  4  H,(). 

Chromium,  aluminium,  vanadium  and  uranium  may  be  separated  from  iron, 
Biektl,  cobalt  and  manganese  by  meana  of  tliw  reaction:  the  ehromate  is  Ml  in 
■OtUQOO  08  sodium  cliruinalu,  NujCrO,.  the  aluminium  ns  sodium  aluiiiiuitt''.  NuAlOi, 
the  vanadium  as  sod  mm  vanadate,  N;i;\''i..  ilie  uranium  as  sodium  pcruranatc, 
Olid  the  zinc  an  .sodium  zinrntc,  \iisZnO.;  while  tin-  iron  m  precipitated  lui  Fi'(OH)». 
the  nickel  as  Ni(OIl)»,  the  cobalt  na  Co(OH)i,  and  the  manganese  as  hydrated  MuO,. 

10.  Potassium  Ferrocyanide  added  to  an  acid  solution  of  quin- 
quivalent vanadium  gives  a  green,  flocculent  precipitate  of  vanadium 
ferrocyanide. 

11.  Barium  Chloride,  but  not  strontium  and  calcium  chloride,  silver 
nitrate  and  lead  acetate  give  yellow  precipitates  which  become  white 
on  standing  or  on  heating. 

12.  To  distinguish  between  ortho  and  meta  vanadates,  the  following 
reactions  serve: 

Copper  salts  give  a  bluish-grccn,  pulverulent  precipitate  with  meta 
vanadates  and  an  apple-green  precipitate  with  ortho  vanadates.  Lead 
salts  give  a  white  precipitate  with  ortho  vanadates  and  silvi  i  salts 
give  an  orange-red  precipitate  with  ortho  vanadates. 

13.  Uranyl  Salts  added  to  an  arnmoniaeal,  or  slightly  acid,  solution 
containing  ammonium  acetate  give  a  precipitate  of  uranyl  ammonium 
vanadate  (l'Oj)NH<VO«  •  HjO.  By  means  of  this  reaction  vanadate 
ions  can  be  Separated  from  alkali,  alkaline  earth,  manganese,  tine  and 
copper  ions. 

Deteclinn   of   Vanadium   in   Ritck*  illillrlirantl)  • 

Fuse  5  Kins,  of  the  finely  powdered  rock  with  20  gins  of  Nn-("0|  aud  3  gms. 
of  N'aNOi.  Cool,  extract  ihe  fuaed  matut  with  inter,  reduce  any  urecn  mungnnntc 
by  the  addition  of  a  little  alcohol,  nnd  filter  the  solution  wlm-li  onnteftM  the  sodium 
aalt*  of  arnenio,  phosphoric,  molybdic,  chromic,  vanadic  and  tunprtic  acids.     Nearly 


Amrr.  J.  Science,  1898,  p.  200. 
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iirutmlii'''  ili'  solution  with  nitric  acid  (the  amount  necessary  having  been  deter- 
mined by  h  blank  lest),  evaporate  rienrly  to  dryuoss,  lake  up  in  water,  and  filter. 
Trvnt  the  alkaline  sol ill  ion  with  BWrounKU  nitr.iii  ,  u  hereby  mcrcurous  phosphate, 
arsenate,  chromate,  molybdatc,  and  tungstate  with  tome  basic  mercuroua  carbonate 
«i.'  |ii''i-i|>itated.  Boil  the  solution,  filter,  dry  tlic  precipitate,  separate  it  from  the 
filter,  ignite  it  in  a  platinum  crucible.  SBd  fuse  with  a  little  sodium  carbonate.  Ex- 
tract the  fused  moss  with  water,  when  a  yellow  color  shows  that  chromium  is  present. 
Acidify  the  solution  with  sulfuric  arid,  fend  precipitate  traces  of  I'l,  Mo,  and  As  by 
means  of  HjS  (lie*t  in  a  small  Miction  BlBk).  I'dtrr  Oil  this  precipitate  fend  It 
the  excess  of  ll»S  from  the  filtrate  by  boiling,  while  pns*inn  n  stream  of  carbonic 
acid  Kaa  through  it.  Evaporate  the  solution  to  dryness,  and  can-fully  expel  the 
excess  of  sulfuric  acid.  heatinic  in  an  air-bath.  Dissolve  the  residue  in  2  or  3  ee.  of 
water  and  shako  with  a  few  drops  of  HjQi;  a  brow  iu*li-v< Hon  color  -how*  'he  pres- 
ence of  vanadiun.  If  Bhromiuin  is  pit-senl ,  on  adding  H-Oj  and  ether  to  the  sulfuric 
acid  solution  and  slinking,  the  ether  will  Ik;  colored  blue  by  chromium  and  the 
aqueous  solution  yellow  by  vanadium." 

Separation  of  Uranium,   Vanadium  and  Chromium   (liroicning  f) 

It  is  assumed  that  these  elements  are  present  88  Sodium  chromate. 
sodium  vanadate  and  sodiiim-uranyl  carbonate.  In  the  analy&ia  of 
minerals,  such  a  solution  is  obtained  by  an  oxidizing  fusion  and  removal 
of  manganese  as  in  the  above  method  of  Hillehrand. 

Add  nitric  acid  to  the  alkaline  solution  until  present  in  slight  excess.  M 
faintly  alkaline  with  ammonium  hydroxide  and  then  faintly  acid  with  aretir  arid. 
Precipitate  the  uranium  a*  nrnnyl  ammonium  phosphate  by  the  addition  of  am- 
monium phosphate  (cf.  p.  1(H).  Filter  and  wash  with  water,  usinn  lifter  paper  pulp 
if  necessary  to  retain  the  precipitate.  Treat  the  precipitate  on  the  filter  with  an 
acidified  solution  of  potassium  ferrocyanide;  a  redili>h-bm\vn  stain  will  f>«  produced 
if  uranium  is  present. 

To  tlii-  III  rorn   the  phosphate  precipitation  add  Bulfurous  acid  in  distinct 

excess  to  reduce  the  nhromate  t»  chromic  salt  and  the  vanadium  to  quadrivai 
vanadyl  salt.  Boil  to  remove  the  excess  of  reducing  agent  and  treat  the  solution 
with  an  excess  of  bromine  water.  The  bromine  ■ervea  to  om'Ii"  tin-  vanadium  back 
to  the  quiiiquevrdeut  condition  (nil  ifm.«  not  affect  the  l.rivalnut  chromic  ions.  Boil 
to  remove  the  excess  of  bromine.  During  the  boiling  chromium,  if  prettent,  l>egins 
l.n  precipitate  as  phosphate.  To  complete  the  precipitation  of  the  chromium  add 
ammonium  hydroxide  and  boil  (cf.  p.  141).     A  Rreen  precipitate  indicates  chromium. 

Filter  off  the  .  firnTiiiuin  pm -ipitate,  make  the  filtrate  alkaline  with  ammonium 
by<lroxide  and  saturate  with  hydrogen  sulfide.  A  pink  or  violet  color  h  obtained 
if  vanadium  is  present  (cf.  p.  £44). 

Reaction*  in  the  Dry   Way 

The  borax  bead  is  colorless  in  tin-  oxidising  flame  if  slightly  satu- 
rated with  the  vanadium  compound,  yellow  if  strongly  saturated,  and 
green  in  the  reducing  BaiOA 


inct 
lent 


•  E.  Champagne,  Chem.  ZentraM.,  1904,  II.  p.  1167. 
t  J.  Am.  Chem.  Soc,  43,  114  (1921).    This  method  has  been  found  U>  give  posi- 
tive results  when  1  mg.  of  any  of  these  elements  i.«  present. 
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Molybdenum,  Mo.    At.  Wt.  96.0.    M.  Pt.  =  2600°? 

Occurrence. — Molybdenite,  MoSj;  wulfenite,  PbMoO,;  powellite, 
CaMoO«.  Metallic  molybdenum  is  the  color  of  tin,  is  hard  and  easily 
oxidized  by  heating  in  the  air.  As  ferro-molybdenum  it  is  used  in  the 
manufacture  of  alloy  steels  such  as  are  used  for  high-speed  tools.  The 
metal  dissolves  in  nitric  acid,  aqua  rcgia  and  in  concentrated  sulfuric 
acid.  Molybdenum  has  a  valence  of  2,  3,  4,  and  6,  and  forms  the 
following  oxides:  MoO,  MojOa,  MoOj,  and  MoOj.  The  first  three 
are  basic  anhydrides,  while  the  last  oxide,  MoOj,  is  an  acid  anhydride, 
forming  a  white  mass  (yellow  when  warm)  which  in  readily  fusible, 
but  very  difficultly  volatile.  When  heated  strongly,  colorless,  trans- 
parent, thin,  orthorhombic  plates  of  MoOs  may  be  obtained  from 
the  fumes.  MoO>  is  otdy  very  slightly  soluble  in  water,  but  dissolves 
readily  in  alkalies  and  in  ammonia,  forming  molybdates.  Molybdic 
acid  itself  can  be  obtained  as  a  solid  mass  by  acidifying  the  solution 
of  an  alkali  molybdate;  it  is  soluble  in  an  excess  of  the  acid  (difference 
from  tungstic  acid).  In  the  acid  solutions,  probably  some  hexavalent 
molybdenum  cations  arc  present.  The  most  important  commercial 
mioIvIkImIi'  is  the  acid  ammonium  molybdate,  corresponding  to  the 
formula : 

(NH.).MorO«  +  4  H,0    or     3  (NlI4)tMoO,  -4  MoO,  •  4H,0. 


Reaction*  in   the  Wet   Way 

A  solution  of  ammonium  molylxlnt*  should  ho  uwcl. 

The  alkali  molylxluton  are  soluble  in  vtitcr;  the  rcmuining  suite  art"  mostly 
insoluble  in  wnter  Imt  «nlublr  in  acids. 

1,  Dilute  Acids  precipitate  from  concentrated  alkali  molybdate 
solutions  white  H«Mo04?  soluble  in  an  excess  of  acid. 

Concentrated  Sulfuric  Acid.  —  If  a  trace  of  a  molybdenum  com- 
pound is  evaporated  with  a  drop  of  concentrated  sulfuric  acid  almost 
to  dryness  in  a  porcelain  dish,  the  mass  is  colored  intensely  blue.  TWfl 
is  an  exceedingly  delicate  reaction. 

Antimony  pentoxide,  considerable  stannic  oxide  and  other  impuri- 
ties interfere  with  this  reaction. 

2.  HjS  at  first  colore  acid  molybdenum  solutions  blue,  and  pre- 
cipitates, little  by  little,  the  molybdenum  as  brown  molybdenum  tri- 
8ulfide,  MoSi,  soluble  in  ammonium  sulfide,  forming  a  brown  solution 
from  which  MoS,  is  reprecipitated  by  the  addition  of  acids.  MolyVv- 
dnniim  sulfide  is  oxidized  by  treatment  with  concentrated  nitric  acid, 
or  by  roaatani  in  the  air,  into  MoOj. 
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3.  Zinc.  —  If  a  molyhdate  solution  which  is  acid  with  hydrochloric 
Or  sulfuric  acid  is  treated  with  zinc,  the  solution  is  colored  at  first  blue. 

than  1*1  c-i  ii.  tod  Anally  brown,    other  reducing  agenta  such  as  Sn< 
Hgi(NOj)i,  etc.,  cause  the  same  reaction. 

4.  SOj  docs  not  rcdure  dilute,  strongly  acid  solutions  of  molyb- 
date- either  in  the  cold  or  on  heating.  Neutral  or  slightly  acid  aolu- 
timis  are  reduced  and  colored  blue. 

5.  KCNS  causes  no  ohangO  when  added  to  mid  molybdenum  solu- 
tions, but  if  the  solution  is  then  treated  with  zinc  or  stannous  chloride. 
a  blood-red  coloration  in  produced  on  account  of  the  formation  of 
molybdenum  thiocyanatc;  the  reaction  also  takes  place  in  I  he  presence 
of  phosphoric  acid  (difference  from  iron).  If  the  solution  is  shaken 
with  ether,  the  colored  compound  is  dissolved  in  the  latter. 

Tartaric  acid,  owing  to  the  formation  of  complex  ions,  tends  to 
prevent  this  reaction. 

6.  Sodium  Phosphate.  —  If  a  few  drops  of  a  solution  of  sodium 
phosphate  are  added  to  u  molybdate  solution  strongly  arid  with  nitric 
:e  id,  a  yellow  crystalline  precipitate  of  ammonium  phosphomolybdate 
is  formed,  slowly  in  the  cold,  but  much  more  quickly  on  warming  the 
solution  (cf.  Phosphoric  Acid,  p.  404).  Arsenic  acid  causes  the  pre- 
cipitation of  a  similar  compound  (cf.  p,  246). 

7.  Mercurous  Nitrate  precipitates  yellow  mereurous  molybdate 
from  neutral  solutions;    the  precipitate  is  soluble  in  nitric  acid. 

8.  Lead  Acetate  precipitates  white  lead  molybdate,  soluble  in  nitric 
acid. 

9.  Potassium  Ferrocyanide  produces  a  reddish  brown  precipitate. 
A  very  sensitive  test. 

Molybdenum  solutions  containing  free  oxalic,  acetic  or  phosphoric  acids  usually 
give  no  precipitate  with  potSMlnn  tavOCpiBide,  hut  merely  n  brown  coloration. 
Molybdenum  ferrocyftnide  is  insoluble  in  dilute  minora!  acids  but  is  dissolved 
by  concentrated  hydrochloric  acid  and  rcprccipitatcd  upon  diluting.  It  is 
soluble  in  caustic  alkali  and  ammonia  solutions,  in  which  respect  it  is  different  fror 
the  uranyl  i«nd  cupi"  hnooymmlc.i  i|>|>.  IW  mid  838).  To  detect  the  fer 
inn  m  molybdenum  fernic'iiinle.  ^Ii.-nbe  the  .-nl!  in  ammonia, saturate  the  anv 
tnoniacul  solution  with  1I,S,  acidify  wuli  dflata  HjBO*  ilta  n(T  the  MoSi  and  U>st 
the  filt rule  wuli  ferric  chloride  solution  (p.  159). 

10.  H,Oi.— If  a  solution  to  he  tested  for  molyl"l<  • ..nomUd  toi 
on  the  water-bath,  the  residue  treated  with  ■  little  atratod  ammonia  sad 
then  with  hydrogen  peroxide,  the  ammoniaral  solution  is  immediately  turned  pink 
or  red.  Then,  by  evuporating  to  dryness  again  and  treating  lbs  residue  with  sulfuric 
or  nitric:  acid,  yellow  perrnolvlxlir  acid,  HMoO«,  is.  obtained. 

11.  FeSO«  and  sulfuric  acid  added  to  an  acid  solution  of  molybdate 
gives  a  pernm.-u-ut  blue  color. 


MKTAIB  OF  THE    H»S  GROUP 


M9 


Reactions  in   the  Dry  Way 

Alkali  molybdatcs,  alone  or  with  sodium  carbonate,  are  reduced 
on  charcoal  to  gray  molybdenum,  a  white  incrustation  of  MoO>  being 
formed  at  the  same  time. 

Sail  of  Phosphorus  Head.  —  All  molybdenum  compounds  color  the 
bead,  but  the  color  depends  upon  the  concentration.  In  the  oxidizing 
flame  the  hot  bead  is  colored  brownish-yellow  to  yellow;  it  becomes 
yellowish-green  on  cooling  and  finally  colorless.  In  the  reducing  Bam 
the  bead  becomes  dark  brown  when  hot.  and  (trass  green  when  cold. 
The  borax  bead  is  similar  but  not  quite  as  characteristic. 

Separation  of  Molybdenum,  Araenie,  Antimony,  and  Tin 

The*  dements  arc  nil  precipitated  ax  sulfides  upon  the  introduction  of  hydrogen 
sulfide  into  an  acid  solution.  They  are  separated  from  the  members  of  the  copper 
group  by  treatment  with  ammonium  polysulfidc  solution,  in  wblofa  their  HlHlitfl 
are  soluble.  On  acidifying  this  solution  of  the  lino  suits  with  dilute  hydrochloric 
acid,  the  molybdenum,  araenie,  antimony  and  tin  are  reprecipitated  as  sulfides. 

Filter  off  this  precipitate,  wash,  dry  nnd  Introduce  it,  little  by  little,  into  a  nickel 
eruiil.le  o .Manning  a  molten  mixture  of  It)  ports  Nn/\,  and  10  parts  Na,OOi  for 
each  part  of  sulfide  precipitate.  Fuse  the  contents  of  the  crucible,  after  all  the  sul- 
fide liria  been  introduced,  for  ten  minutfl*  over  the  Hunsen  bunier,  then  cool  and 
extract  with  cold  water.  The  aqueous  solution  thus  obtained  may  contain  sodium 
arsenate  and  sodium  molyhdate-  and  the  insoluble  residue  may  OSBHM  oi  KdhOD 
antimonatc  and  tin  dioxide.  Filter  off  this  residue  and  wash  it  with  ■  normal  solu- 
Uon  of  sodium  hydroxide.  Test  the  litlrote  for  arsenic  by  tcidifying  with  hydro- 
chloric acid,  making  strongly  ammonincal  and  adding  magnesium  mixture.  A 
white,  crystalline  precipitate  of  magnesium  ammonium  arseniate  is  formed  if  araenie 
is  present,  but  only  after  standing  for  some  time  with  a  little  araenie.  Saturate  the 
filtrate  from  (he  magnesium  ammonium  arsenate  precipitate,  with  hydrogen  sul- 
hilr  to  convert  in>  molybdenum  present  into  nmnionium  thninmlylitl.'ite.  awl  then 
ft •  1. 1 1! ' v  the  solution  with  dilute  hydrochloric  acid.  Filter  off  the  precipitated  sulfide, 
treat  it  with  concentrated  nitric  acid  in  :i  porcelain  crucible  •  >r  molybdenum 

with  concentrated  sulfuric  acid,  as  described  on  p.  .r>47. 

Tail  for  Antimony  and  Tin.  —Treat  the  residue,  insoluble  in  dilute  caustic  soda 
Hilution  with  a  mixture  of  equal  parts  concentrated  hydrochloric  acid  and  water, 
place  the  solution  in  contact  with  u  piece  of  platinum  foil  and  test  for  antimony  and 
tin  as  dosoAcd  on  p.  292. 


TUNGSTEN.  W.    At.  Wt.  184.     Sp.  Gr.  19.1.     M.  Pt.  =  3000° 

Occurrence.  —  Tungsten  is  not  very  often  found  in  nature,  but  there 
are  a  number  of  well-crystallizing  tungsten  minerals,  sueh  as  the 
minerals  of  the  Bflfaeeitte  group. 

Scheclitc,  CaWO«;  cuprosrheelitr,  (CaCu)WO.;  remit..,  FoWO,; 
Btolzite,  PbWO,.  These  minerals  all  crystallize  in  the  tetragonal  sys- 
tem and  form  with  powellitc,  CaMoOt,  and  wulfenite,  PbMo04,  a  very 
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interesting  isomorphous  group.  Another  isomorphous  group,  which 
consists  i  if  minerals  crystallising  in  the  inonoclinic  system,  is  formed 
by  hubnerite,  M11WO4;  wolframite,  (MnFe)WOi,  and  fcrbcritc, 
FcWOi.  The  most  important  tungsten  mineral  is  wolframite ■.  which 
is  usually  contaminated  with  small  amounts  of  silicic,  tantalic,  and 
niohic  acids.     Tungsten  forms  two  oxide*,  WO,  and  WO,. 

WO,  is  11  brown  powder,  readily  obtained  by  heating  WO,  to  dull 
redness  in  :i  stream  of  hydrogen.  It  1:-  pyruphorie  nnd  riiu-t,  therefore. 
be  cooled  in  a  stream  of  hydrogen  before  it  is  allowed  to  come  into 
contact  with  the  air.  By  igniting  strongly  in  a  stiviim  of  hydrogen, 
metallic  tungsten  is  obtained,  which  is  stable  in  the  air.  This  behavior 
is  important  and  is  taken  advantage  of  in  the  quantitative  determina- 
tion of  tungsten, 

Tungsten  is  used  in  the  form  of  thin  metallic  filaments  in  incan- 
descent electric  lamps.  Ferro-tungsten  is  used  for  making  self-harden- 
ing or  alloy  steels. 

WO,  is  an  acid  anhydride  obtained  by  the  ignition  of  tungstic  acid 
of  ammonium  or  mcrcurous  tungstates,  or  by  the  oxidation  of  the 
dioxide  on  heating  in  the  nir. 

The  trioxide  is  a  canary-yellow  powder,  insoluble  in  water  and 
dilute  acids,  and  only  slightly  soluble  in  concentrated  hydrochloric  and 
hydrofluoric  acids.  It  dissolves  readily  by  warming  with  potassium 
or  sodium  hydroxides,  and  less  readily  in  ammonia.  It  is  most  easily 
dissolved  by  fusing  with  sodium  carbonate,  sodium  tungstate  being 
funned: 

WO,  +  NatCOi  =  NasWO«  +  CO,  T  . 

It  is  changed  to  potassium  tungstate  by  fusing  with  potassium 

pvrosulfate: 

WO,  +  K2S,Or  =  K3WO«  +  2  SO,  |  . 

If  the  product  of  this  last  fusion  is  treated  with  water,  usually  none 
of  the  tungsten  goes  into  solution,  liecause  if  an  excess  of  potassium 
pyrosulfate  is  present  (which  is  usually  the  case)  it  reacts  with  the 
potassium  tungstate,  forming  free  tungstic  acid: 

K,WO,  +  K,S,Ot  +  H,0  =  2  K,SOi  +  H,WO,. 

If  not  enough  pyrosulfate  remains  to  complete  the  above  decom- 
position, some  of  the  tungsten  will  be  dissolved,  but  never  all  of  it. 
If  a  little  sulfuric  acid  is  added  to  the  water,  none  of  the  tungsu-n 
will  go  into  solution.  This  property  enables  one  to  separate  tungsten 
from  titanium.  If  ammonium  carbonate  is  added,  all  of  the  tungsten 
dissolves,  which  enables  us  to  separate  tungstic  from  silicic  acid. 
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React  ions  in  the   Wet   Way 

A  solution  of  sodium  tungstate  should  be  used. 

1.  Mineral  Acids,  HC'l,  HNOj,  HiS<)4,  produce,  in  the  cold,  a  while, 
amorphous  precipitate  of  hydrated  tungstic  acid,  HjWO<  -+■  HxO.* 
By  boiling  the  solution,  the  yellow  anhydrous  acid  H1WO4  is  obtained, 
insoluble  in  dilute  acids,  hut  soluble  to  an  appreciable  extent  in  con- 
centrated hydrochloric  acid. 

Tungstic  acid  must  always  be  washed  with  water  which  contains 
acid  or  a  dissolved  salt,  as  otherwise  tungslic  acid  will  form  a  pseudo- 
solution  with  pure  water,  so  that  a  turbid  filtrate  will  be  obtained 
(cf.  pp.  58,  134  and  231). 

Phosphoric  acid  liehavea  differently  toward  solutions  of  the;  alkali 
tungstates  than  do  the  other  mineral  acids;  it  produces  a  white  pre- 
cipitate soluble  in  an  excess  of  phosphoric  acid;  ;i  complex  phospho- 
tungstic  acid  is  formed,  e.g.,  Na*P04  •  12  WOj.  If  the  solution  of  an 
alkali  tungstate  is  boiled  with  free  tungstic  acid,  the  latter  gradually 
goes  into  solution,  forming  a  metatungstate : 

NnjWO«  +  3  WOa  =  NajW«0«. 

Mineral  acids  cause  no  precipitation  in  solutions  of  metatung- 
states.  If  the  solution  is  boiled  with  an  excess  of  acid,  the  soluble 
metatungstic  acid  is  gradually  changed  to  insoluble,  ordinary  tungst ie 
acid,  which  is  then  precipitated.  The  addition  of  cinchonine  hydro- 
chloride greatly  hastens  the  formation  of  insoluble  tungstic  acid  in  acid 
solutions. 

2.  HjS  produces  no  precipitation  in  acid  solutions. 

3.  (NHi)jS  gives  no  precipitation  m  a  solution  of  an  alkali  tung- 
state, but  if  the  solution  is  afterward  acidified,  light -brown  tungsten 
trisulfide,  WS»,  is  precipitated,  which  has  the  property  of  forming 
colloidal  solutions  with  pure  water,  but  is  insoluble  in  hydrochloric  arid. 
The  precipitate  redissolvcs  in  amtmminm  nftSdo. 

4.  Reducing  Agents.  —  If  the  solution  of  an  alkali  tungstate  is 
treated  with  HC'l  and  zinc,  liar  tungstic  acid  at  first  precipitated  by 
the  HC'l  is  soon  turned  to  a  beautiful  blue  color,  owing  to  the  forma- 
tion of  WC14. 

SnClj  produces  a  yellow  coloration  at  first,  but  on  adding  HC'l 
and  wanning,  a  beautiful  blue  precipitate  is  obtained.  This  is  one  of 
the  most  sensitive  tests  for  tungstic  acid. 

5.  Mercurous  Nitrate  precipitates  white  rnercurous  tungstate  from 
neutral  solutions. 


The  presence  of  tartaric  arid  prevent*  the  precipitation. 
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6.  Lead  Acetate,  barium  chloride  and  silver  nitrate  also  precipitate 
white  tuugstates  from  neutral  solutions. 

7.  Potassium  Ferrocyanide  and  a  little  acid  give  a  brownish-mi 
solution  and  a  precipitate  of  the  same  oolor. 

8.  Ferrous  Sulfate  gives  a  yellowish  brown  precipitate  and  the  pre- 
cipitate is  not  turned  blue  by  acid  (cf.  molybdenum). 

9.  Orgjn.il-  acids  (citric  tartaric,  etc.)  form  complex  ions  with  tung- 
stic  acid  and  prevent  its  precipitation. 

Reactions  in   the  Dry  Way 

The  salt  of  phosphorus  bead  is  colorless  in  the  oxidizing  Hame,  and 
blue  in  the  reducing  flume,  becoming  blood  red  on  the  addition  of  a 
little  FeSO«. 

SELENIUM,  Se.     At.  Wt.  79.2.     Sp.  Gr.  =  4.28-4.6. 
M.  Pt.  =  217-220°  C. 

Occurrence.  —  Although  selenium  is  quite  widely  distributed  in 
nature,  it.  is  invariably  found  in  very  small  amounts,  usually  replacing 
sulfur,  forming  isomnrphous  compounds  with  lead,  silver,  copper,  and 
mercury;  clausthalite,  PbSe;  berxelianitc,  (CuAgTl)jSe;  nam 
(AfePb)Se;  tiemtiriiiite,  HgSe;  lchrbachite,  (Pb.Hg)So;  onofrile, 
Hg(SeS);  eucairite.  (Ag,Cu)8S-.  It  is  also  found  in  small  amounts  io 
many  varieties  of  pyni-  and  ehftloopyrite,  and  indeed  the  small  quan- 
which  are  found  in  these  minerals  form  the  chief  source  of  the 
selenium  of  commerce.  By  roasting  these  minerals  (as  in  the  manu- 
re of  sulfuric  acid)  all  of  the  selenium  is  volatilized,  and  is  conse- 
quently deposited  in  the  lead  chambers  as  a  mud  from  which  it  is 
extracted  with  a  solution  of  potassium  cyanide  and  afterwards  precipi- 
tated with  acid: 

Se  =  KCNSe    and    KCNSe  +  HCI  =  HCN  +  KC1  +  Se. 

Selenium,  like  sulfur,  exists  in  several  allotropic  forms.  The  vitreous 
modification,  aselenium,  dissolve*  >:t  completely  in  carbon 

disulfide,  lied  8-sclcnium  is  obtained  by  reducing  a  cold  solution  of 
selenious  acid  with  sulfurous  acid  and  is  somewhat  less  soluble:  in 
carbon  disulfide.  The  carbon  disulfide  solution  of  selenium  reacts 
with  metallic  mercury  and  black  mercury  sell  neb  precipitates.  By 
beating  red"  selenium  with  hot  water  for  some  time,  it  is  changed  into 
black  -f-selenium,  and  is  then  insoluble  in  carbon  disulfide. 

On  being  heated  in  the  air,  selenium  burns  with  a  bluish  (lame  (giving 
off  an  odor  similar  to  that  of  rotten  radishes)  forming  white,  crystalline 
selenium  dioxide,  SeOj,  which  will  sublime  on  being  heated  in  a  stream 


METALS  OF  THK    1I3S  GROUP  553 

(•f  oxygen,     Selenium  forms  one  oxide,  SeOa,  and  two  acids:  selenious 
acid,  H,SeOj,  and  sclenic  acid,  HjScO*,. 

The  vapors  of  selenium  dioxide  an*  yellow. 

Hciitcil  in  hydrogen  I'.'i-.c.iu-.  hydrogen  ^  l.-nn],-.  Bjtk  ,  b  Foroud 
which  behaves  like  hydrogen  sulfide  in  its  reactions. 

Selenious  acid,  HjSeOi,  is  obtained  in  the  form  of  long,  colorless 
ikm(II«-s  by  oxidizing  selenium  with  nitric  acid,  concentrated  sulfuric 
acid  or  aqua  regia,*  or  by  dissolving  its  anhydride,  SeOj,  in  water. 
1  HI  ike  sulfurous  acid,  it  is  not  changed  on  standing  in  the  air  into 
aelenic  acid;  but,  on  the  contrary,  is  reduced  by  dust,  etc.,  to  red 
selenium.  The  acid  is  dibasic,  und  forms  salts  in  which  either  one  or 
both  of  the  hydrogen  atoms  are  replaced  by  metal. 

The  acid  salts  are  all  soluble  in  water,  but  the  neutral  salts  are  all 
insoluble  with  the  exception  of  those  of  the  alkalies. 

Selenic  Mid,  HjSeO«,  is  obtained  in  solution  by  conducting  chlorine 
into  water  which  contains  either  suspended  selenium  or  dissolved 
selenious  acid: 

Se  +  3  CI,  4-  4  H30  =  H,SeO,  +  6  HC1. 

Sodium  selenate  is  obtained  by  fusing  selenium  with  sodium  car- 
bonate Brut  potassium  nitrate.  Splenic  aeid  is  h  dibasic  acid  and 
behaves  similarly  in  n  peroxide,  evolving  chlorine  when  boiled  with 
concentrated  hydrochloric  acid,  being  reduced  to  selenious  acid: 

H,ScO«  +  2  HCI  =  H,0  -f-  H,SeOa  +  CI,  T  ■ 

Reactions  in   the   Wet   Way 

(a)   ScUniom   Acid 

A  solution  of  either  potassium  selenite  or  of  free  selenious  acid 
should  be  used. 

1.  H5S  produces  a  lemon-yellow  preeipitatc,  consisting  of  selenium 
and  sulfur,  from  solutions  in  water  or  in  dilute  hydrochloric  Kid: 

IIjScOi  +  2  HSS  =  3  HsO  +  Se  +  2  S. 

The  precipitate  is  reddish  yellow  when  formed  in  hot  solutions. 
The  precipitate  is  soluble  in  ammonium  sul6de. 

2.  Reducing  Agents. 

SO-  precipitates  red  selenium.  The  solution  may  be  hot  or  cold, 
and  contain  little  or  much  hydrochloric  or  sulfuric  acid;  by  long  boil- 
ing the  precipitate  turns  grayish  biftofc. 


*  If  it  solution  or  selenium  in  aqua  regia  is  evaporated,  mnmilnritlile  selenium  is 
lout  by  volatilization;  the  addition  of  KC1  or  Nad  to  the  solution  prevent*  such 

few 


m 
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SnCli  precipitates  red  selenium  even  in  the  presence  of  conRiderttble 
sulfuric  acid. 

FeSO«  immediately  precipitates  selenium  from  concentrated  solu- 
tions of  sclenious  acid  containing  hydrochloric  acid;  from  dilute  solu- 
tions the  precipitation  takes  place  very  slowly  and  incompletely  if 
much  sulfuric  acid  is  present. 

Hydroxylamine  Hydrochloride  precipitates  selenium,  from  solu- 
tions of  sclenious  acid  containing  sulfuric  or  hydrochloric  acid,  on  long 
boiling;  the  precipitated  selenium  is  red  at  first  but  finally  becomes 
gray  (diffSKOOfl  from  t&ltuZXO 

Hydrazine  Hydrochloride  precipitates  selenium  from  hot  acid  and 
alkaline  solutions;  the  selenium  is  red  at  first  and  finally  gray. 

Hydriodic  Acid  (KI  and  HC1)  precipitates  red  selenium  in  the  cold 
(difference  from  tellurium). 

Zinc  precipitates  red  selenium  from  acid  solutions:  the  zinc  beooi 
coated  with  Sr  ami  lonks  a-s  if  covered  with  Co. 

3.  BaCl.  precipitates  from  neutral  solutions  white  barium  sclenitc. 
BaSeOs,  soluble  in  dilute  acids. 

4.  CuSO«  produces  a  greenish-blue,  crystalline  precipitate  (differ- 
ence from  selenic  acid) . 

(6)  Selenic  Acid 

A  solution  of  potassium  selenate  should  be  used. 

1.  HjS  causes  no  precipitation  unless  the  solution  is  boiled  with 
hydrochloric  acid.  In  the  latter  case  the  selenic  acid  is  reduced  first1 
selenious  acid  and  then  to  selenium,  which  precipitates  together  will. 
free  sulfur. 

2.  BaCl;  gives  a  white  precipitate  of  barium  wdenate,  BaSoO,. 
insoluble  in  water  and  in  dilute  acids,  soluble,  with  evolution  of  chlo- 
rine, on  being  boflftd  with  hydrochloric  acid; 

BaSeO,  +  4  HC1  =  BftCH  +  HaSeO,  +  Cl»  T  +  H,0. 

3.  CuSOt  produces  no  precipitation. 

4.  SOj  does  not  reduce  selenic  acid  except  by  long  boiling  with 
hydrochloric  acid.  The  reduction  takes  places  more  readily  with 
hydrazine. 

Mrlhoil  for  Testing  Sulfuric  Arid  for  Setrnium  ' 

Add  6  or  8  drops  of  the  acid  to  be  tested  to  a  frcshly-prcpaml  wlataoa  of  s  lirt 
codefn  in  sulfuric  acid:  if  selenium  is  present,  a  green  coloration  will  be  apparent 
The  tent  is  a  verv  delicate  one. 


•  Da40EJn>onrr,  Chtm.  Zauraltt.,  1W0,  044. 
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Reactions  in  the  Dry  Way 

All  selenium  compounds  emit  the  odor  of  decayed  radishes  on  being 
mixed  with  sodium  earl>onate  and  heated  on  charcoal  before  the  blow- 
pipe. 

If  a  selenium  compound  is  heated  at  the  end  of  a  thread  of  asbes- 
tos in  the  upper  reducing  flame  of  the  Bunsen  burner,  it  will  be  reduced 
to  selenium ;  and  if  a  test-tube  filled  with  water  is  held  above  the  flame, 
a  red  coating  of  selenium  will  be  deposited  upon  the  glass.  *  If  a  few 
drops  of  concentrated  sulfuric  acid  f  are  placed  in  a  larger  test-tube 
(large  enough  to  hold  the  smaller  test-tube)  and  the  tube  on  which  the 
selenium  is  deposited  is  emptied  and  placed  within  the  larger  tube, 
the  selenium  will  dissolve  J  in  the  sulfuric  acid,  forming  a  green  solu- 
tion; but  on  the  addition  of  water,  red  selenium  will  be  reprecipitatcd 
(difference  from  tellurium): 

SeSO,  +  H,0  =  Se  +  H,SO,. 

Orwn 

TELLURIUM,  Te.     At.  Wt.  127.6.     Sp.  Gr.  =  6.1-6.4. 
M.  Pt.  =  452°  C. 

Occurrence.  —  Tellurium  is  a  rarer  element  than  selenium,  always 
occurring  in  the  form  of  a  telluride,§  and  usually  combined  with  the 
noble  metals:  calaverite,  (Au,Ag)Tei;  krennerite,  (Au,Ag)Tej;  sylvan- 
ite,  (Au,Ag)Te4;  nagyagite,  (Pb,Au)nSbj(S,Te)»»;  eoloradoite,  HgTc; 
silver  tetluridc,  AgjTir;  and  often  in  small  amounts  in  galena  and  ropjxr 
ores.  Emmonsite  of  Cripple  Creek,  Colorado,  is  a  ferric  tellurite  with 
70.71  per  cent  TcO,  and  22.76  per  cent  Fe,G,.  Tellurium  itself  is 
a  bluish-white,  brittle  substance,  which  can  l>e  distilled  in  a  stream  of 
hydrogen.  It  burns  in  the  air  with  a  bluish-green  Same,  forming 
tellurium  dioxide,  TcO».  It  is  insoluble  in  carbon  disulfide  and  in 
hydrochloric  acid  hul  oftD  Im-  oxidized  by  means  of  nitric  acid  to  tellu- 
rous  acid.  On  being  fused  with  potassium  cyanide,  out  of  contact 
with  the  air,  it  is  changed  to  potassium  tclluril<  , 

2  KCN  4-  Te  =  K,Te  +  (CN),  f  , 
which  dissolves  in  water,  forming  a  cherry-red  solution.     If  air  is  con- 
ducted through  this  solution,  the  tellurium  is  precipitated  in  the  form 
of  a  black  jxiwder  (difference  from  selenium): 
2KjTe  +  2H,0  +  0,  -  4  KOH  +  2Te. 

•  Cf.  p.  C9. 

t  The  sulfuric  acid  should  be  frwd  from  water  by  hotting  in  »  platinum  crucible 
to  n  temperature  just  below  the  boiling-point,  and  the  crucible  with  ita  content* 
allowed  to  cool  in  a  dewirontor . 

J  Slowly  in  the  cold,  readily  on  wanning. 

|  These  tellurides  are  sometime*  regarded  ai  tellurium  alloyed  with  metal. 
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Tellurium  may  be  separated  from  selenium  by  means  of  this  last 
reaction.  Fuse  the  two  metals  with  potassium  cyanide,  extract  the 
melt  with  water,  and  precipitate  the  tellurium  by  passing  a  current  of 
air  through  the  solution;  precipitate  the  selenium  from  the  filtrate  by 
acidifying  with  hydrochloric  acid.  Tellurium  forms  two  oxides:  TeOi 
and  TeO,. 

Tellurium  dioxide  (the  anhydride  of  telluroug  acid)  is  usually  obtained  in  Qm 
1'irtN  (if  11  white  mass,  winch  melts  on  gentle  heating,  forming  a  yellow  liquid 
Tellurium  <lioxid»  docs  not  sul.lir.ic  iiliiTcr.-inf:  from  selenium).  It  is  scarcely 
soluble  at  all  in  water,  is  slightly  soluble  iu  ammonia  and  in  dilute  acids,  but  readily 
soluble  in  concentrated  acids  or  in  caustic  potash  solutions.  TeOi  dissolves  in 
fairly  concentrated  sulfuric  iicil,  forming  the  basic  sulfate,  Te,0»  •  SOi,  while  with 
nitric  acid  it  forma  the  bwlo  nitrate,  T«iOi(OH)NOi.  Both  u(  tliese  compound* 
are  hydrolized  rrwlily,  forming  insoluble  tuUurou*  acid;  the  latter  in  turn  louts 
water  and  forms  the  anhydride 

On  dissolving:  TeO,  in  caustic  potash,  potassium  tellurite,  K,TeO,,  is  obtained. 
(hity  the  alkali  lellurttts  are  soluble  in  wtfer. 

Tellurium  trioxide  (telluric  anhydride)  is  formed  by  nesting  telluric  acid.     It  is 
a  yellow  powder,   insoluble  in  water  nnd  nitric  acids,  scarcely  affected  by  boiling 
with   mnn-iitmt-d    hydruchlnrir  .ncid,    but    i.-;   r.'.nliiy    rtlnwilTTll    by    boAhg   '•'. 
concentrated  solution   of  potassium  hydroxide    (but  not  by  sodium   hydroxide), 
forming  potassium  tell  urate. 

Tellurio  acid.  H,Te04+2H|0,  is  a  wry  walk  a™!,  obtained  by  oxidixiug 
h'lluruus  scid  with  chromic  ncid,  and  precipitating  the  telluric  ncid  by  the  addition 
of  concentrated  mini-  mid.  The  acid  forms  a  colorless  crystalline  mass,  is  middy 
.wiluble  in  water,  and  is  converted  by  means  of  concentrated  hydrochloric  ncid  into 
teilurous  acid,  with  evolution  of  ohkrttN,  The  acid  dissolve*  niadily  in  caustic 
potash  (or  soda)  solution,  forming  the  readily  soluble  alkali  tellurat.-,  arbich  reacts 
strongly  alkaline  in  aqueous  solution. 

By  gently  heating  the  hydrated  telluric  acid,  the  anhydrous  acid.  H.TeO,.  is 
obtained  in  the  form  of  a  white  powder  and  is  totally  different  from  the  hydrated 
acid.  The  latter  is  soluble  in  water  and  in  caustic  alkalies,  and  is  armpUiely  redutxd 
by  boiling  with  concentrated  hydrochlorie  acid;  lull  the  anhydrous  acid  is  mtolubU 
in  water  and  in  concentrated  sodium  hydroxide  -olution,  and  is  only  very  slightly 
attacked  by  boiling,  concent  .rated  hydrochloric  nciil.  although  readily  solubb'  fa 
wnrm  potassium  hydroxide  solution. 

Only  the  alkuli  lelhmtCfl  arc  soluble  in  water;  the  others  am  usually  obtained 
in  the  form  of  ttnorpiim  dates  soltil'l<-  ifl  u<-ia*. 


Reactions  in  the  Wet   Way 

(a)   Teilurous  Acid 

A  solution  of  potassium  tellurite,  KjTeOi,  should  be  used. 

1.  H2S  precipitates  from  acid  solutions  brown  TeS»,  which  is  readily 
soluble  in  ammonium  sulfide.  The  precipitate  decomposes  easily  into 
tellurium  and  sulfur. 


METAIA  OF  THE  H»8  GROUP  557 

2.  Reducing  Agents. 

SO-  precipitates  tellurium  completely  from  dilute  hydrochloric 
acid  solutions  in  the  form  of  a  black  powder,  even  in  the  presence  of 
tartaric  acid;  but  from  a  solution  containing  considerable  hydro- 
chloric acid  no  tellurium  is  precipitated  even  on  boiling  (difference 
from  selenium).  The  separation  of  the  .selenium  from  tellurium  can 
Ik-  a. -rniiipli-ilinl  in  hydrochloric  acid,  sp.  gr.  1.18. 

SnClv  or  Zn  causes  black  tellurium  to  precipitate  from  solutions 
which  are  not  too  acid. 

HiPOi  precipitates  the  tellurium  only  from  concentrated  solutions, 
not  at  all  from  cold  dilute  solutions. 

FeSO«  reduces  neither  tellurous  nor  telluric  acids  (difference  from 
selenium). 

Hydroxylamine  Hydrochloride  produces  no  precipitate  in  solutions 
of  tellurous  ACtd  W>"Mffldnfng  mineral  acids,  but  precipitutcs  tellurium 
completely  by  boiling  the  ammoniaeal  solutions  for  a  long  time. 

2  KH,OH  +  TeO,"  "  +  2  H+  —  4  H,0  +  N-0  ]  +  Te. 

Hydrazine  Hydrochloride  precipitates  black  tellurium  both  from 
acid  and  ammoniaeal  solutions: 

NSH«  ■  2  HC1  +  TeOr  ~  -♦  3  H»0  +  N«  T  +  Te  +  2  CT. 

Hydriodic  Acid  (KI  and  HC1)  produces  no  precipitation,  but  merely 
a  reddish-brown  euloration  that  turns  light  yellow  on  boiling  (differ- 
ence from  selenium). 

Zinc  (or  Fe,  Sb,  BH|  Cd,  Hg,  Pb,  Cu,  etc.)  precipitates  black  tellu- 
rium. 

3.  HC1  produces  a  white  precipitate  of  H-TeO*. 

4.  Magnesia  Mixture  (rives  a  white,  amorphous  precipitate  of 
magnesium  tellurite,  (Willi  sclenious  acid  a  crystalline  precipitate 
of  magnesium  selenite  is  formed.) 

5.  Disodium  Phosphate  and  Barium  Chloride  give  white  precipi- 
tates. 

(b)    T ell-uric  Acid 

A  solution  of  potassium  tellurute  should  be  used. 

1.  HC1  causes  no  preri|>n.-n  ion;  but  if  the  solution  is  boiled  chlorine 
is  evolved,  and  on  dilution  with  water  tellurous  acid  is  precipitated. 

2.  H)S  and  reducing  agents  have  the  same  effect  upon  hot  solu- 
tions of  tellurates  as  upon  tellurites;    in  the  cold,   no  precipitate  i 
formed  (tellurium  can  be  separated  from  heavy  metals  by  hydrogen 
sulfide  in  the  cold). 

3.  Lead  Salts  precipitate  difficultly  soluble  lead  tellurate. 
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•1.  Hydrazine  Hydrochloride  precipitates  all  the  tellurium  as  a 
black  powder  by  bug  boiling  of  the  acid  or  alkaline  solution: 

3  (NaH,.2HCl)  +  2TeO«-"-*8  H,0  +  2H+  +  ftCT-f  3  Nt]  +  2Te. 

Detection  of  Selenium  and  Tellurium  in  Ore* 

Principle.  —  The  finely  powdered,  dry  ore  is  heated  in  a  current  of  chlorine; 
the  chloride*  of  sulfur,  neleuium,  arsenic,  antimony  and  iron  are  volatilised  and 
inny  be  absorbed  in  dilute  hydrochloric  acid. 

Procedure.  —  Waco  the  finely  powdered,  dry  mineral  in  n  porcelain  boat.  pu*h 
this  into  a  tube  of  difficultly  fusible  gltiso  mid  connect,  the  tube  on  one  side  with  the 
wash-bottle  and  on  the  other  side  with  a  10-lmlli  Meyci  tube, 

Prepare  chlorine  gas  from  a  Kipp  generator  containing  chloride  of  lime  and 
hydrochloric  acid,  wash  the  gas  by  passing  it  through  a  bottle  containing  water 
und  dry  it  by  passing  it  through  concentrated  sulfuric  acid.  Pass  the  chlorine  r 
through  the  tube  and  when  all  the  air  has  been  expelled,  begin  healing  the  sul 
stance,  nt  hrst  very  gently.  Kiiimw  quickly  begin  to  form,  showing  that  the 
of  chlorine  upon  the  suli.-.tunoi  DM  started.  Soon  vapors  of  sulfur  chloride,  SjCli 
(B.  P.  64°)  begin  to  condense  in  the  front  end  of  the  lube  in  the  form  of  drops;  drive 
these  over  into  the  receiver  by  carefully  heating  the  tube.  As  the  temperature  is 
rained  a  little,  a  white  sublimate  of  selenium  chloride,  SeCl,  |B.  P.  200")  forms  in 
the  front  end  of  the  tube ;  drive  this  over  into  the  receiver  in  the  same  way.  No' 
heat  the  boat  hotter  aad  soon  brown  vapors  of  ferric  chloride  will  be  evolved, 
of  these  will  condense,  forming  glistening  scales  which  mux!  nlw>  tic  driven  over  into 
t  In-  i  ,-i-i-ivi  i  Ci int iii lie  lii'iitin^  until  finally  no  raorc  vapors  arc  <-\  otvwL  Tr;.i  r-.f.-r 
the  contents  of  the  10-bulb  tulie  to  a  porcelain  diah,  add  0.5  gm.  of  potamiuni  chlo- 
ride to  prevent  loss  of  selenium  chloride  by  volatilization,  and  evaporate  the  solu- 
tion to  dryness  on  the  water-bath.  Dissolve  the  residue  in  us  little  hydrochloric 
acid  as  possible  and  treat  the  solution  with  stannous  chloride.  If  tellurium 
present  a  black  precipitate  is  obtained  which  mny  also  contain  selenium.  Filter 
through  an  asbestos  filter,  wash  the  residue  with  dilute  hydrochloric  acid,  place  the 
filter  and  smbe»ton  in  a  niuall  test-tube,  boil  it  with  concentrated  hydrocldoric  acid 
until  no  more  black  spot*  are  visible  in  the  asbestos,  dilute  with  water  and  filter. 
Evaporate  this  filtrate  to  dryness  on  the  water-bath,  dissolve  the  residue  in  10  ce. 
of  HC1,  sp.  gr.  1-175,  and  puss  SO»  gns  into  the  hot  solution.  Filter  off  any  pre- 
cipitate of  red  selenium  that  may  form.  Diln  liltmtc  with  considerable 
water  and  again  pass  SO«  into  the  hot  solution,  which  should  precipitate  tha  n  Mu- 
rium as  a  black  powder.  Identify  the  selenium  and  the  tellurium  by  toe  dry  reao- 
tiona  given  on  p.  555  and  below. 

Reactions  in  the  Dry-  Way 

Metallic  tellurium  is  formed  by  heating  any  telluride  in  the  upper 
reducing  flame,  and  run  1m>  collected  on  the  lower  surface  of  a  test-tube, 
which  is  filled  with  water,  in  the  form  of  a  black  film,  soluble  in  con- 
centrated sulfuric  acid.  The  latter  solution  is  of  a  carmine-red  color 
(difference  from  selenium) ;  on  the  addition  of  water  black  tellurium 
is  deposite  I 

TeSO,  4-  HiO  =  Te  -f  H,SO«. 


THE  PLATINUM  METALS 


PLATINUM,    PALLADIUM.    RHODIUM,  OSMIUM.    RUTHENIUM 
AND   IRIDIUM 

Platinum  Ii&d  been  uYooribed  already  on  p.  283 

PALLADIUM,  Pd.     At.  Wt.  106.7.     Sp.  Gr.  =  11.8. 
M.  Pt.  =  1560°  C 

Occurrence.  —  The  platinum  metals  form  an  isodimorphous  group, 
but  only  in  the  case  of  palladium  are  both  forms  known  —  the  isometric 
and  the  hexagonal: 


(a)  Isometric  System. 
Platinum  (Pt,  Fc). 
Iridium  (Ir,  Pt). 
Platinum  iridium  (Pt,  Ir,  Rh). 
Palladium  (Pd,  Pt,  Ir). 


(b)  Hexagonal  System. 
Iridosmium  (Sysserskit)  (Ir,  Ob). 
Osmiridium  (Newjanskit)  (Ir,  Oa, 

Pt,  Rh,  Ru)  or  (Os,  Ir,  Rh). 
Palladium  (Pd,  Pt,  Ir). 


Properties.  —  Rolled,  hammered,  or  cast  palladium  possesses  an 
almost  silver-white  color,  but  when  precipitated  from  solutions  it  is 
in  the  form  of  a  black  powder.  If  it  is  suspended  in  water  when  in 
the  finely  divided  form,  it  is  transparent  with  a  reddish  color.  Palla- 
dium has  the  lowest  melting-point  of  all  the  platinum  metals.  On 
being  heated  in  the  air,  it  appears  bluish,  owing  to  the  formation  of 
PdsO;    the  latter,  however,  is  decomposed  by  stronger  heating. 

Finely  divided  palladium  has  the  very  i-haracteristic  property  of 
being  able  to  absorb  almost  700  times  its  own  volume  of  hydrogen, 
and  possesses  consequently  :t  very  strong  catalytic  action.  If  hydro- 
gen and  oxygen  (air)  are  conducted  at  the  same  time  over  some  gently- 
ignited,  finely-divided,  metallic  palladium,  the  hydrogen  is  burnt  to 
water,  and  in  the  same  way  carton  monoxide  may  be  changed  to  car- 
bon dioxide.  Methane,  however,  is  only  decomposed  by  igniting  the 
palladium  more  strongly,  so  that  thi  us  a  method  for  separa- 

ting methane  from  a  mixture  of  II  and  CO  (cf.  Vol.  2,  Gas  Analysis). 

Colloidal  palladium  preparations  show  marked  catalytic  effects. 
Thus  by  passing  hydrogen  gas  into  solutions  of  unsaturated  organic 
compounds  a  direct  reduction  (hydrogenation)  often  takes  place  if 
a  little  colloidal  palladium  is  present. 

Palladium  forms  two  oxides,  both  of  which  possess  strongly  basic 
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properties:  PdOaud  IMOj.  From  the  former  the  palladous,  and  from 
the  latter  the  palladia,  compounds  are  derived.  The  palladous  com- 
ImimikIb  are  much  more  stable  than  the  palladic  compounds,  and  the 
latter  constantly  exhibit  the  tendency  to  change  into  the  former. 

Behavior  towards  Acids:  Although  the  other  platinum  metals  are 
attacked  by  no  acid  except  aqua  reglA,  palladium  fa  dissolved  slowly 
by  warm  nitric  acid  (also  in  the  cold  when  it.  is  alloyed  with  other 
metals  such  as  Cu,  Ag,  etc.),  forming  a  brown  solution  of  Pd(NOj)t. 

I  iin'ly  divided,  precipitated  palladium  is  soluble  in  hydrochloric 
acid  when  exposed  to  the  action  of  air  at  the  same  time,  and  less  readily 
soluble  in  sulfuric  acid.  It  is  readily  attacked  by  fusing  with  potas- 
sium pyrosulfnte,  forming  soluble  palladium  sulfate,  PdSO*. 

The  beat  solvent  for  palladium  is  aqua  regis. 

By  dissolving  finely  divided  palladium  in  hydrochloric  acid,  palla- 
dous chloride  is  formed;  or,  better,  by  dissolving  the  metal  in  aqua 
regia,  in  which  case  a  mixture  of  palladous  and  palladic  chlorides  is 
at  first  obtained.  If  this  solution,  however,  is  evaporated  to  dryness, 
palladic  chloride  loses  chlorine  and  is  completely  changed  into  palla- 
dous chloride,  so  that  on  treating  the  residue  with  water  a  solution  of 
palladous  chloride  is  obtained.  Since  palladic  chloride  is  decomposed 
completely  by  evaporation,  it  is  evident  that  palladic  chloride  cannot 
exist  in  hot  solutions. 

Reactions  in  the  Wet  Way 

(a)   Palladous  Compounds 
Use  :  of  pnllndoua  chloride,  PdC'lj 

1.  HtS  precipitates  black  peiladOUB  sulfide  from  acid  and  neutral 
solutions.  The  precipitate,  PdS,  is  insoluble  in  ammonium  sulfide, 
but  soluble  in  boiling  hydrochloric  acid,  or  morn  readily  in  aqua  rcfria. 

PttUadOtM  Sulfide  is  soluble  in  potassium  thiocarbonate  solution  and 
is  not  reprecipitatcd  by  means  of  carbon  dioxide.     (Lead  Will 
not  dissolve  in  potassium  thiocarbonate  and  mercury  sulfide  is  repre- 
cipituted  by  carbon  dioxide.) 

2.  KOH  or  NaOH  precipitates  a  brown  basic  salt,  soluble  in  an 
BB  of  the  reagent.     If  the  solution  is  acidified  with  HO,  then 

KOH  produces  no  precipitate  (difference  from  platinum). 

:{.  NasCOa  produces  a  brown  precipitate  of  palladous  hydroxide, 
Pd(OH)»,  solid ilc  in  excess  but  reptedpitated  on  boiling. 

4.  NH«OH  gives  a  flesh-colored   precipitate  of  lPd(NH*)9Cl3].* 

•  Thia  i  I  is  an  isomer  of  paHadoaatiinr  rliloridc,  and  L»  often  written 

thus:  PdO,,  Pd(NH,)«CU. 
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soluble  in  an  excess  of  ummonia,  forming  a  colorless  solution  (con- 
taining palladodiamine  chloride,  Pd(NHi)«CI»),  from  which  yellow 
crystalline  palladosamine  chloride,  Pd(NHs)2(*lj,  is  precipitated  un  the 
addition  of  hydrochloric  acid.  The  latter  compound  ib  difficultly 
soluble  in  dilute  hydrochloric  acid  and  is  used  for  the  preparation  of 
1 1 urc  palladium. 

In  a  solution  of  palladous  nitrate,  ammonia  causes  no  precipitation, 
hut  forms  colorless  palladodiamine.  nitrate,  1M(  NHj)«(NOj)». 

5.  NHiCl. — If  a  solution  of  palladous  chloride  or  of  sodium-palla- 
dous  chloride  is  treated  with  ammonium  chloride  and  evaporated  to 
dryness  on  the  water-bath,  the  residue  is  soluble  in  a  very  liltle  water. 
If  the  solution  is  acidified  with  nitric  acid,  gradually  all  the  palladium 
is  precipitated  :v>  red  (NHj)3[PdCU]  (difference  from  platinum). 

6.  KC1,  when  added  to  a  concentrated  solution,  causes  the  pre- 
cipitation of  difficultly-soluble,  reddish-brown  K2[PdCI,]  (octahedrons). 

7.  HI  or  XI  produces  a  black  precipitate  of  palladous  iodide,  even 
in  very  dilute  solutions.  The  precipitate  is  insoluble  in  water,  alcohol, 
ether,  and  HI,  but  soluble  in  KI  and  NH3.  (This  and  the  following; 
reaction  are  characteristic  of  palladium.) 

8.  Hg(CN)j  produces  a  yellowish-white  gelatinous  precipitate  of 
palladous  cyanide,  Pd(CN)»,  difficultly  soluble  in  HC1,  readily  soluble 
in  KCN  and  NH*.     On  being  ignited,  the  spongy  metal  remain 

9.  Nitroso-p'-naphthol  (a  saturated  solution  in  50  per  cent  acetic 

■  "'ill)  gives  a  voluminous,  brown  precipitate  of  Pd(CioHBNOi)j  even 
in  the  most  dilute  solutions  (difference  from  platinum). 

10.  Reducing  Agents.  —  H,SO,,  formic  acid,  HCOOH,  Zn,  Fe, 
FeS04,  CugClj,'  alcohol,  and  CO  t  reduce  palladium  salts  to  the  metal 
itself. 

In  the  presence  of  HC1,  stannous  chloride  forms  at  first  a  red,  then 

■  brown,  and  finally  a  green,  solution;  but  in  the  absence  of  the  acid, 
BnCli  causes  a  partial  reduction  to  'li  •  metal  uml  the  solution  turns 
green. 

11.  Acetylene  precipitates  palladous  acetylide,  which  is  soluble  in 
ammonia,  potassium  cyanide  and  sodium  bisulfite  solutions. 


•  la  the  presence  of  considerable  NnOl  or  HOI  there  is  no  reduction  with  CiijClt. 

f  PdCl,  +  CO  +  H,0  -  2  HCI  +  CO,  ]  -f  Pd.  TU  rMfltton  enable*  one  to  de- 
tect niiiull  uruuimt.x  of  ("O  in  giut  mixture*;  r.g.,  in  t.ht>  nir.  For  thin  purpose  the 
Ktui  in  led  through  a  narrow  glass  tube  into  10  cc.  of  u  solution  which  contains  1  m*. 
of  IMCI,  and  2  drops  of  dilute  HCI  If  CO  .-  promt,  black  Pd  will  be  deposited, 
and  the  solution  will  become  decolorised  little  by  little.  (Potain  and  Dnoci.v. 
Compl.  rend..  126,  P38-)  If  too  much  HCI  in  present  the  reduction  will  not  take 
place  unlet*  NaCjHjOi  is  added. 
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12.  Sodium  Hydroxide  precipitates  a  brown,  basic  salt  which  is 
soluble  in  a  large  excess  of  alkali. 

13.  Potassium  Nitrite  gives  a  yellow,  crystaDtafl  precipitate  in 
solutions  which  are  not  too  dilute. 

14.  Potassium  Thiocyanate  gives  no  precipitate  with  palladium 
solutions  (differe&oe  from  copper). 

15.  Dimethylglyoxime  gives  a  yellow  precipitate  easily  dissolved  by 
ammonia  or  potassium  cyanide  solution;  the  precipitate  is  only 
slightly  soluble  in  50  per  cent  alcohol  an<l  dilute  acids.  Gold  and 
platinum  Rive  similar  tests  hut.  the  other  platinum  metals  do  not. 


(6)  Palladic  Compounds 

These  give  the  same  reactions  as  pallndous  compounds,  on  account 
of  their  being  readily  changed  into  the  latter.  The  most  characteris- 
tic reaction  is  based  upon  the  insolubility  of  the  ammonium  salt  of 
chloropalladic  acid.  If  a  concentrated,  cold  solution  of  palludous 
chloride  is  shaken  with  chlorine  water  and  then  treated  with  ammonium 
chloride,  a  red  crystalline  precipitate  of  (NIIi)j[PdCl»l  is  soon  formed. 

Reactions  in    the  Dry  Way 

All  palladium  compounds  are  decomposed  on  ignition,  leaving 
behind  tin-  ni«t;il,  which  is  soluble  in  nitric  acid  or  in  aqua  regia,  and 

tlic  solution  thus  obtained  can  !«•  tested  by  the  above  reactions. 

RHODIUM,  Rh.     At.  Wt.  102.9.     Sp.  Gr.  =  12.6. 
M.  Pt.  =  1920°? 

Properties.  —  Rhodium  possesses  the  color  and  luster  of  aluminium; 
it  is  more  infusible  than  platinum  and  melts  at  about  1920°;  on  cooling 
the  hot  metal  it  sputters  and  appears  bluish,  owing  to  oxidation.  The 
solubility  of  rhodium  depends  en  t  irely  upon  the  fineness  of  the  material. 

When  precipitated  from  a  solution  of  its  chloride  by  means  of 
formic  acid  or  other  reducing  agents  at  a  temperature  not  exceeding 
100°,  it  exists  in  an  extremely-finely-dividod  stutc  (rhodium  black) 
and  dissolves  readily  in  boiling,  concentrated  sulfuric  acid,  or  more 
readily  in  aqua  regia.  If,  however,  the  finely-divided  metal  is  ignited 
ndy,  it  becomes  (like  the  compact  metal)  almost  insoluble  in  aqua 
regia. 

If  rhodium  is  alloyed  with  large  amounts  of  other  metals  (Ph,  Zn, 
Bi,  Cu,  etc.),  it  is  left  in  a  finely-divided  condition  after  treatment  of 
the  alloy  with  acids,  and  is  const-quuntly  soluble  in  aqua  regia.  When 
it  is  alloyed  with  much  platinum  or  palladium  a  considerable  amount 
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of  rhodium  will  dissolve  in  aqua  regia;  but  when  it  is  alloyed  with  a 
little  platinum,  moat  of  the  rhodium  and  a  part  of  the  platinum  remain 
undissolved. 

On  being  fused  with  potassium  pyrosulfate,  potassium  rhodium 
sulfate  ia  formed,  which  dissolves  in  water,  forming  a  yellow  solution, 
hut  becomes  red  on  the  addition  of  HC1. 

Rhodium  forms  three  oxides:  rhndous  oxide,  RhO;  rhodic  oxide. 
RhjOj;  and  rhodium  peroxide,  RhOj;  all  possess  a  well-defined  basic 
nature.  The  scsquioxide,  RhiOj,  alone  •  forms  a  series  of  salts,  of 
which  sodium  rhodium  chloride  is  the  most,  important  for  the  analytical 
chemist;  when  in  this  form  it  is  easiest  to  bring  rhodium  into  solu- 
tion. This  salt  ia  prepared  by  mixing  the  finely-divided  metal  very 
intimately  with  twice  as  much  dry  sodium  chloride,  placing  it  in 
a  porcelain  boat  and  gently  ignitinn  it  in  a  current  of  moist  chlorine 
gas.  The  salt  thus  formed  has  the  composition  Na3|RhCl6]  and 
is  soluble  in  water  (45  parts  of  water  dissolve  1  part  of  the  salt). 
From  this  solution  larger,  dark-red,  glistening  triclinic  prisms  of 
Naa(RhClo]  +  9  11:0  can  be  crystallized  out. 


Reactions  in  the  Wet  Way 

Use  u  solution  of  sodium  rhodium  chloride  Na»|RhCl».I 

1.  H-S  precipitates  (very  slowly  in  the  cold,  but  much  more  quickly 
on  warming)  black  rhodium  sulfide,  RhjSi  or  Rh(SII)i;  insoluble  in 
(NH-dsS,  soluble  in  strong  nitric  ucid,  bromine  or  aqua  regia.  Alkali 
monosulfide  added  in  excess  precipitates  rhodium  alkali  sulfide,  decom- 
posable by  water. 

2.  KOH  and  NaOH  produce  at  first  no  precipitate;  but  after 
standing  some  time  a  yellow  precipitate  of  rhodium  hydroxide, 
Rh(OH)i  -I-  HsO.  separates  out.  The  precipitate  is  soluble  in  an  excess 
of  the  reagent,  but  it  is  reprecipitated  on  boiling  in  the  form  of  brown- 
ish-black Rh(OH),. 

In  a  solution  of  potassium  rhodium  sulfate,  KOH  precipitates  the 
yellow  compound  immediately. 

On  adding  KOH  to  a  solution  of  rhodium  chloride,  at  first  no 
precipitate  is  produced;  but  on  the  addition  of  a  little  alcohol  brown- 
ish-black rhodium  hydroxide  is  deposited. 

3.  NH»OH  produces  (in  concentrated  solutions  and  after  standing 
some  time)  a  yellow  precipitate  of  chlorpurpureorhodium  chloride, 
Rh(NH,)iCl,,  insoluble  in  hydrochloric  acid. 


*  A  Hodium  rhodium  sulfite  of  the  formula  \  RhSOi  ■  6  N'a»SO»  •  9  H,0  was  pre- 
pared by  Bunuen. 
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4.  KNO-,  on  being  warmed  with  sodium  rhodium  chloride  solu- 
tion, causes  the  precipitation  of  difficultly  soluble,  orange-yollow 
K*[Rh(N03)8|.  soluble  in   Hi  I 

5.  Reducing  Agents.  —  Formic  acid,  in  ilic  prewaoe  uf  ammonium 
» ■> ■lute,  precipitates  the  black  metal,  as  does  zinc  in  the  presence  of 

It.     Hydi  iblfl  BUlfaftfl  has  DO  effect  (difference  from  gold). 

Reactions  in   the  Dry   Way 

All  rhodium  compounds  UO  reduced  to  metal  on  being  heated  in 
a  stream  of  hydrogen,  or  by  heating  on  charcoal  with  sodium  car- 
bonate before  the  blowpipe.  The  metal  is  easily  recognized  bj 
insolubility  in  aqua  renin,  its  being  brought  into  solution  by  fusing 
with  potassium  pyrosulfatr  and  then  Inciting  with  water,  and  by  the 
formation  of  the  brown  hydroxide  when  KOH  and  a  little  alcohol  are 
added  to  the  solution  thus  obtained. 


OSMITJM,  Os.     At.  Wt.  190.9.     Sp.  Gr.  =  21.3-22.48. 
M.  Pt.  =  about  2700° 

Osmium  and  ruthenium  arc  >!i.itingnishinl  fn.m  the  other  platinum 
metals  by  their  funning  volatile  oxides. 

Properties.  —  The  compact  metal  possesses  a  bluish-white  color,  very 
similar  to  zinc,  and  is  the  heaviest  of  all  metals.  It  can  be  melted  by 
heatinginan  electric  furnace."  Very  finely-divided  osmium  i-  oxidized 
by  the  air  t  at  ordinary  temperatures,  and  at  about  400°  C.  it  ignites 
and  burns  rapidly  to  OsO,,  which  is  volatile  at  100°  C.  The  denser 
the  metal  the  higher  the  temperature  necessary  to  effect  the  oxidation. 

Behavior  towards  Acids.  —  In  the  compact  condition  osmium  is  in- 
soluble in  all  acids;  but  in  the  finely-divided  state  (as  obtained  by 
treating  its  zinc  alloy  with  nitric  acid)  it  is  soluble!  in  nitric  acid,  more 
soluble  in  aqua  rcgia,  and  most  soluble  in  fuming  nitric  acid,  forming 
osmium  tetroxidc;  the  latter  can  be  separated  from  the  solution  by 
distillation. 

Compact  osmium  is  brought  into  solution  by  fusing  with  N'aOH  and 
either  KNOi  or  KClOi.  The  melt  contains  a  salt  of  pcrosmic  arid 
(OsO«). 

Osmium  forms  five  oxides: 

OsO,  OsjOi,  OsO* 


Obbious  ondo,  cnyish-tiluk. 
iuwlubli  in  Ki<i» 


O-.i  , 
Omium 

■Mm 

Ownio  •mil.  known  only  in 

I-   'IV.IIVW 


Onnio  oxxto.  I 
in  «ud>  Uttlubl*  la  Mi& 

OsO,. 

Paerjuuic  arid  •nhydriit*.  nolcrloa* 
iicodlm  ulublo  in  wmlar 


•   W.  NfrLira  c»nd  It.  Dim,  Btr  ,  1898,  3187. 
t  (  f.  Or.  Save,  Z.  anorgan.  Chemit,  18,  332. 
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Osmium  tetroxide,  OsO«,  (the  anhydride  of  perosmic  acid),  is  the 

most  important  osmium  compound  in  tbeeyeaoi  the  amdyiicai  ehemiBl 

and  is  obtained  by  the  oxidation  of  the  substance  in  the  air  by 
solving  the  finely-divided  metal  in  fuming  nitric  acid  or  in  aqua  regia, 
in  by  fusing  with  NaOH  and  KNOi  or  KCIO»,  treating  the  melt  with 

nitric  ::<-i<l  and  distilling.     Osmium  teirn\ide  is: lories*,  crystalline 

mass  which  sublimes  at  a  comparatively  low  temperature  and  melts, 
forming  colorless  vapors  at  100°  C.  The  vapor  has  a  chlorine-like 
odor,  attacks  the  mucous  membrane,  and  is  poisonous. 

The  chloride*  of  osmium  can  be  obtained  only  in  the  dry  way; 
OsClj,  OsClj,  OsC'h  are  known.  The  potassium  salt  of  the  hypotheti- 
cal chlorosmic  acid,  1 1  •.•<>.<*  In,  forms  dark-red  octahedron.*,  soluble  in 
water  and  decomposed  by  boiling  the  solution.  By  heating  finely- 
divided  osmium  with  KCI  in  a  current  of  chlorine,  Kj[OsC'l«)  is  formed; 
it  dissolves  in  cold  water,  forming  a  red  solution. 


Reactions  in   the   Wet   Way 

Use  a  solution  of  Ki[ObCL1 

1.  If  a  solution  of  osmium  chloride  is  treated  with  dilute  nitric 
acid,  the  mixture  distilled  from  a  small  retort,  and  the  vapors  received 
in  caustic  soda  solution,  the  latter  will  be  colored  yellow,  owing  to  the 
formation  of  potassium  osmiate.  If  this  solution  is  now  Modified, 
osmium  tetroxide  is  set  free,  ;mil  can  be  r mnized  by  its  very  penetra- 
ting odor.  On  adding  a  little  sodium  thiosulfate  to  the  mid  solution 
and  warming,  a  brown  precipitate  of  osmium  sulfide  is  formed. 

2.  H,S  precipitates  browtiiyh-U:u-k  osmium  sulfide,  insoluble  in 
ammonium  sulfide. 

3.  KOH,  NH,OH  or  K-jCOj  precipitates  reddish-brown  osmium 
hydroxide  Os(OH)*. 

4.  Reducing  Agents.  —  If  the  solution  of  the  chloride  is  treated 
with  tannic  acid  and  alcohol  and  a  little  hydrochloric  acid  is  added, 
it  is  colored  dark-blue,  owing  to  the  formation  of  osmium  dirhloride. 
OsCb;    Kl  colors  the  solution  a  deep  reddish-purple. 

5.  Indigo  is  decolorized  by  solutions  containing  OsQ*  Ferrous, 
sulfate  precipitates  black  osmium  dioxide;  stannous  chloride  produces 
a  brown  precipitate  soluble  in  HCI,  forming  a  brown  solution. 

Reactions  of  Perosmic  Acid 

Osmium  tetroxide  melts  when  added  to  boiling  water  sad  dissolve*  nlowly.  The 
solution  is  colorless,  does  not  react  taU  Hm  smells  unpleasantly. 

I  KOH  added  in  excess  U>  tbe  nmmin  ■' •••!  solution  colore  it  yellow.  If  this 
alkaline  solution  in  boil.,1,  tl,c  pt«l  4  tin-  latlClMs  distills  off  (very  charmo- 


rm 


REACTIONS  OF  SOME  OF  THE  RAKKK   METALS 


U'riMtir)  iukI  the  remainder  decomposes  into  oxygen  and  potassium  osmiatc,  KiOsO,; 
upon  long  boiling  osmium  tctroxide,  otimio  hydroxide  And  potassium  hydroxide  are 
formed  from  it. 

2.  Indigo  Solution  is  deeoloriaed. 

3.  Potassium  Iodide  reduott  the  £>erosmir  ncid  in  acid  solution*.  If  2  ec.  of 
nno  permit  potassium  iodide  solution  jind  -II  drops  of  n>nn-nir:iti'd  sulfuric  acid  an 
mixed  with  one  drop  of  omnium  salt  notation,  n  Rrccn  solution  of  H,OpI4  is  obtained; 
the  colored  compound  can  l)c  shaken  out  with  ether. 

4.  KNO,  forme  red  crystals  of  potassium  oamiat*.  The  same  compound  can  be 
obtained  by  reducing  osmium  tetroxidi-  wfrfllftll  wito  almliol. 

5.  SO.  reduce.s  iH'Msiuir  arid.  As  the  reduction  proceed*,  the  eolnr  chanac*  to 
yellow,  reddish  brown,  green  and  finally  indigo  blue. 

0.  FeSOi  precipitates  black  osmium  dioxide, 

7.  SnCL  gives  a  brown  precipitate  which  dissolves  in  hydrochloric  acid  to  form  a 
brown  solution. 

8.  Zinc,  and  other  metals,  in  the  presence  of  acid  causes  precipitation  of  metallic 
osmium. 

9.  HjS  at  first  colors  the  solution  chirk  brownj  OD  tdding  MM  I  dark  brown 
precipitate  of  osmium  tetnmulndc,  OnS4,  in  obtained  which  is  insoluble  in  alkali 
hydroxide,  carbonate,  or  sulfide. 

Reactions  in   the  Dry  Way 

All  osmium  compounds  are  reduced  to  metal  on  being  heated  in 

a  stream  of  hydrogen. 


RUTHENIUM,  Ru.     At.  Wt.  101.7.     Sp.  Gr.  =  12.26,  crystallized; 
11.0,  fused.    M.  Pt.  =  above  1960° 

Properties.  —  Rut  henium  can  be  obtained  in  the  form  of  a  dark  gray 
or  black  powder,  and  in  the  form  of  bright  porous  sticks;  it  is  brittle, 
can  bo  powdered,  ami  b  melted  in  the  oxybydrogen  flume. 

On  being  melted,  ;i  pari  of  the  ruthenium  is  oxidised  to  ruthenium 
tetroxide,  a  volatile  substance  having  a  penetrating  odor  similar  to 
that  of  OsO<.     The  molten  metal  spurts  on  coolinu. 

Behavior  toward*  Acids.  —  Ruthenium  is  practically  insoluble  in  all 
aekiftj  even  aqua  regia.  By  ftuing  with  KOH  and  KNC)a  (or  KClOa) 
it  is  oxidized  to  potassium  rutheniatc,  Ki(RuO«). 

On  beating  with  KC1  b  a  current  of  chlorine,  soluble  Ka(RuCUl 
medi  The  greenish -black  melt  dissolved  in  water  gives  an  orange- 
yellow  solution  which  colors  the  human  skin  black.  Gradually  on 
Standing,  ur  immediately  on  boiling;,  a  black,  voluminous  colloidal 
1 1  tit  ate  forms  (sensitive  reaction).  Ruthenium  is  unaffected  by 
fusing  with  potassium  pyrosulfatc. 

It  forms  the  following  oxi<l 

RuO.  RihO,,  RuG».  [RuO,),  [RutOr],  RuO* 
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The  most  important  of  the  oxides  is  RuO«.     It  is  formed: 

(a)  By  roasting  the  metal  itself,  or  itsoxide,  above  1000°  C.  (osmium 

forms  the  volatile  tetroxide  at  400°  C). 

(6)  By  fusing  the  metal  with  KOH  and  KNO»  in  a  silver  crucible, 

dissolving  the  melt  in  water,  saturating  the  cold  solution  with  chlorine 

gas,  and  distilling  the  solution  from  a  small  retort: 
K,RuO<  +  CI,  =  2  KC1  +  RuO«. 

(c)  By  treating  the  solution  of  potassium  ruthenium  chloride  with 
KOH  and  CI,  and  subsequently  distilling. 

(d)  By  distilling  potassium  ruthenium  chloride  with  KClOs  and 
HCI. 

By  distilling  a  dilute  solution  after  the  addition  of  nitric  acid,  no  RuO\ 
will  be  evolved  •  (difference  from  osmium). 

Ruthenium  tetroxide  forms  gold-yellow,  glistening,  orthorhomhic 
needles  that  are  volatile  and  emit  a  characteristic  odor;  it  boils  at 
100°  C,  and  is  only  slightly  soluble  in  water.  It  is  changod  by  the 
addition  of  alcohol  and  HCI  into  ruihriiium  trichloride,  RuCU  (or 
sesquirhloride,  RuxCU).  If  the  solution  of  the  latter  salt  is  made 
ammoniacal,  treated  with  sodium  thiosulfate  and  wanned,  an  intense 
red  dish- violet  coloration  will  be  produced.  (This  is  a  very  sensitive 
and  characteristic  reaction.) 

On  treating  a  solution  of  potassium  rutheniate  with  nitric  acid, 
black  Ru(OII)i  is  precipitated;  it  dissolves  in  hydrochloric  aeid,  form- 
ing a  yellow  solution  of  RuCU. 

Reactions  in  the  Wet  Way 

Use  a  solution  of  RuClj 

1.  H2S  produces  no  precipitation  at  first,  but  after  some  time  the 
solution  becomes  azure-blue,  and  brown  ruthenium  sulfide  is  precipi- 
tated (very  sensitive  and  characteristic). 

2.  (NH,)2S  precipitates  the  brownish-black  sulfide,  difficultly  solu- 
ble in  an  excess  of  the  reagent. 

If  a  ruthenium  solution  is  made  slightly  alkaline  with  sodium  car- 
bonate and  is  boiled  a  short,  time  with  potassium  nitrite,  then, 
cooling,  a  little  ammonium  sulfide  will  give  a  beautiful,  carmine-red 
color  which  eventually  turns  to  brown.     More  ammonium  sulfide 
gives  a  brown  precipitate. 

3.  KOH  and  NaOH  precipitate  black  ruthenium  hydroxide, 
Ru(OH)*,  soluble  in  acids  but  insoluble  in  alkalies. 


*  In  the  presence  of  concentrated  nitric  neid,  bowever,  RuO,  is  formed: 
2  K.KuO,  +  4  HN04=  4  KNO,  +  Ru(OH).  +  RuO,. 
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4.  KCNS,  in  the  absence  nf  at  her  platinum  metals,  products  gradu- 
ally a  red,  then  a  purple,  and  on  warming  a  violet,  coloration  (very 
characteristic). 

6.  KNOj  imparts  an  orange-yellow  color  to  the  solution,  owing 
to  the  formation  of  Ka[Ru(NOi)„),  becoming  a  beautiful  dark  red  on 
the  addition  of  a  little  colorless  ammonium  sulfide;  on  adding  more 
ammonium  sulfide,  brown  ruthenium  sulfide  El  precipitated. 

(i.  Zinc  at  first  colon  the  aolution  of  the  chloride  azure  blue,  but 
subsequently  the  solution  is  decolorized  and  ruthenium  itself  in  pre- 
cipit  atoi  I 

7.  Hydroxylamine  reduces  ruthenium  tetrachloride  to  ruthenium 
trichloride  (difference  from  platinum). 

8.  KI  precipitates  a  black  iodide;  the  reaction  i?  aided  by  heating. 


IRIDIUM,  Ir.     At.  Wt.  193.1.     Sp.  Gr.  =  22.4.     M.  Pt.  =  2300'? 

Properties.  —  When  produced  by  the  ignition  of  iridium  ammonium 
chloride,  iridium  is  obtained  in  the  form  of  a  gray,  spongy  maw, 
very  difficultly  soluble  in  aqua  regia.  After  being  strongly  ignited,  it 
is  almost  completely  insoluble  in  aqua  regia. 

The  metal,  although  brittle,  in  similar  to  platinum. 

It  is  more  soluble  in  aqua  regia  after  it  has  been  precipitated  from 
solutions  in  a  very  finely-divided  form  by  means  of  formic  acid,  or 
when  it  is  alloyed  with  other  metals  (Au,  Ag).  The  metal  is  un- 
affeetod  by  fusing  with  |i<>ij».s.*iiuii  \  'ate  (difference  from  rho- 

dium). It  is  oxidized  by  fusing  with  NaOH  and  KNO!  in  a  silver 
crucible,  liiii  the  compound  formed  (lr»Os  combined  with  sodium)  is 
only  partly  soluble  in  water.  If  the  melt  is  treated  with  aqua  regia, 
however,  a  dark-red  solution  of  Naa[IrCI]«  will  be  obtained. 

liy  heating  the  metal  with  NaCl  in  a  current,  of  chlorine,  Na»(IrCU| 
is  readily  obtained  which  forms  with  water  a  reddish-brown  solution 

Iridium  forms  the  following  oxides: 


lr30„? 

Bluuh  black 


IrO*. 


and  the  hydroxide 


Needle*  with  • 
mMallic  lu««r 


Ir(OII>,. 

IndifD-btu* 
powdvr 


The  dark  color  of  the  chlorides  is  very  characteristic: 

Ir(V 
Dm  k  ix*»d  and  brown 


l.ri,. 

Black 


'  According  to  W.  I'aljiack,  Z.  anorg.  Chem.,  10,  322-328  (1896),  IrCI, 
its  double  salt*  exist  in  two  modification*:  dark  green  and  brown. 
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Reactions  in  the  Wet  Way 

Use  a  solution  of  Nat(IrCli| 

1.  HjS  at  first,  decolorizes  the  solution,  owing  to  the  reduction  of 
i lu-  tetrachloride  to  the  trichloride,  accompanied  by  the  deposition  of 
sulfur;    subsequently  brown  IrjS,  is  precipitated,  readily  soluble  in 

2.  (NH«)iS  precipitates  the  same  compound. 

3.  WaOH,  on  being  added  to  the  solution,  changes  the  color  from 
dark  red  to  green;  on  wanning  the  solution  it  is  lit  first  colored  reddish 
and  finally  azure  blue: 

2  IrCh  -f  2  NaOH  =  2  IrCI,  -f  NaCl  +  IIsO  +  NaOCl. 

If  the  solution  is  now  acidified  with  HCI,  a  little  alcohol  *  added 
and  then  sonic  K(  I .  i  hero  will  be  no  precipitation,  because  the  Kj|IrCl(i) 
formed  is  readily  soluble  in  water  and  in  KCI  solution  (difference  from 
platinum). 

If  sodium  hypochlorite  or  hypobromite  is  added  to  the  alkaline 
solution,  blue  IrO,  is  formed. 

4.  KCI  precipitates  brownish-black  potassium  iridium  chloride, 
K-(IrC'l0],  insoluble  in  KCI  and  in  alcohol,  difficultly  soluble  in  water. 

5.  NH.C1  precipitates  dark-red  ammonium  iridium  chloride, 
(NHOilIrCU),  insoluble  in  a  saturated  solution  of  NH«C1. 

If  a  solution  of  potassium  or  ammonium  Salt  of  IIvlK  *!,,  in  hot  water 
is  treated  with  potassium  nitrite,  the  olive-green  potassium  or  am- 
monium salt  of  HjIrCh  is  obtained 

KilrCli  +  KNQ,  -»  KJrCU  +  NO,  t  ■ 

On  cooling  the  salt  crystallizes.  If,  however,  an  excess  of  potassium 
nitrite  is  added  to  the  hot  green  solution,  it  turns  yellow  and  finally 
a  while  precipitate  is  formed. 

6.  Reducing  Agents  usually  change  the  solution  to  a  greenish 
color,  owing  to  the  reduction  of  the  tetrachloride  to  trichloride;  or  the 
solution  is  decolorized  and  the  black,  finely  divided  metal  is  deposited. 

Thus  if  tV  solution  i»  warmed  willi  KM  i,,  an  olivr-Krct-ti  rnloratfon  ia  produced: 
IrCl,  +  KNO,  m  JrCl,  +  KG1  +  NO,  T  • 

If  the  solution  is  trailed  for  some  time  with  an  excess  of  KNO,,  it  becomes  yellow, 
and  a  part  of  the  iridium  separates  out  in  the  form  of  a  yellowish- white  precipitate, 
difficultly  soluble  in  cold  hydrochloric  ucid  or  in  boding  water.  The  precipitate 
has  the  following  composition:  3  K,|Ir(N O,), J  •  Ki[IrCl<)- 


•  The  alcohol  reduces  NaOCl  to  NaCl. 
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Oxalic  acid,  ferrous  sulfate,  stannous  chloride,  and  hydroxy  lai  nine  reduce  the 
tetrachloride  to  trichloride.  Zinc  reduces  it  to  metal,  and  so  doe*  formic  ami  on 
warming  in   the   presence  of  ammonium  acetate.     If  considerable   mineral  acid  is 

presenl  the;  reduction  takes  place  Iivm  readily. 

Boiling  with  stannous  chloride  and  adding  an  excess  of  caustic 
alkali  gives  a  leather  colored  precijHtaliv 

7.  Chlorine.  —  If  chlorine  is  conducted  into  a  dilute  solution  of 
iridium  tetrachloride,  the  latter  becomes  reddish-violet  according  to 
W.  Palmaer,  *  after  some  time  t  lie  red  color  disappears  and  the  solution 
turns  brown.  The  same  red  color  has  been  observed  by  Focrstcr  t 
at  an  iridium  anode  in  sulfuric  acid.  According  to  Palmaer,  the  red 
color  is  due  to  the  formation  of  an  iridium  compound  having  a  higher 
valence  than  four. 

Reactions  in  the  Dry  May 

On  being  fused  with  soda,  the  jrray,  brittle  metal  ran  lit*  obtained 
by  the  action  of  the  upper  reducing  flame.  It  is  insoluble  in  aqua 
rcgia. 

Separation  of  the  Platinum  Metals 

The  separation  of  the  platinum  metals  is  one  of  the  most  difficult 
tasks  met  with  in  analytical  chemistry.  If  the  metals  are  already  in 
solution,  the  table  on  p.  572  can  be  used  to  advantage.  If,  however, 
the  metals  arc  presciil  in  a  more  compact  form,  it  is  quite  difficult  to 
bring  them  into  solution. 

In  the  latter  case  treat  the  metal  in  oe  finely  divided  condition  as  possible  (filings, 
etc.)  with  aqua  renin ,  this  nerves  to  dissolve  the  greater  part  of  the  platinum  and 
palladium,  as  well  as  small  amounu  of  rhodium  and  iridium.  Dry  the  residue 
iiiviiimiri,  ruthenium,  rhodium,  iridium,  and  small  amount*  of  platinum  and  palla- 
dium' |il.'ii'c  a  in  !i  porcelain  crucible  and  fuse  for  some  time  with  ten  time*  ax  much 
xinc  (or  lead)  in  a  current  of  ilium  mating  gU.J  In  thbway  the  pi  uumm  tneUUare 
alloyed  with  the  ainc.  Alhiw  ihe  iiiiuw  to  cool  in  the  atn-am  of  illiifiiiniiiiiig  gas, 
and  treat  it  with  hydrochloric  acid  to  dissolve  out  the  «inc;  this  leaves  the  platinum 
metal*  behind  in  a  finely  divided  atate.  Filter  them  off  from  the  acid  solution,  dry 
and  introduce  tin  in  mi"  D  boat]  plant  the  boat  in  a  tube  made  of  dillicultly 

fusible  glass  and  heat  to  dark  rodnow  in  a  stream  of  oxygen. 

The  greater  part  of  t.h.  ii>cs  ox  osmium  tetroxide;    it  is  absorbed  by 

the  rail* tic  soda  solution  and  tested  according  to  the  tal.lr      Ma  the  residue  inu- 


•  Z.  anorg.  Chem.,  10  (lH9fi),  358. 

f  Z.  EUctrochcm.,  10,  715. 

J  The  operation  can  be  very'  conveniently  performed  in  a  common  tiny  pipe. 
The  gas  is  conducted  through  the-  stem  and  ignited  at  the  bowl.  In  this  way  the 
gas  continually  streams  through  the  molten  alloy,  keeps  it  well  stirred,  and  Uwnlq 
yields  a  uniform  alloy. 
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inately  with  sodium  chloride  and  heat  in  a  stream  of  moist  chlorine  gas.    Dissolve 
the  mass  in  water  and  examine  it  according  to  the  table. 

If  lead  were  used  instead  of  sine  in  the  above  procedure,  the  alloy  should  be 
treated  with  dilute  nitric  acid,  which  dissolves  the  lead  and  the  greater  part  of  the 
palladium.  Precipitate  the  lead  with  the  calculated  amount  of  sulfuric  acid,  and 
test  the  filtrate  for  palladium  by  transforming  it  into  palladosamine  chloride,  and 
then  into  palladium  cyanide.  Treat  the  residue  from  the  nitric  acid  treatment  in 
the  same  way  as  when  sine  is  used.* 


*  For  more  detailed  directions  for  separating  the  platinum  metals,  consult  the 
work  of  Sainte-Claire-Deville,  Debrat,  and  Stab:  "Proces  verbaux  du  comite 
internat.  des  poids  et  mesures,"  1877-1878  and  1879. 
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Absorption  spectra 130 

Acetate  ion,  effect  on  ionization  of  acetic  acid 47 

Acetates,  reactions  of 362 

Acetic  acid 362 

ionization  in  presence  of  acetates 47 

neutralization  of 8 

Acetone 84,  363 

Acid  properties,  cause  of 2 

reaction 55,  477,  494 

Acids,  action  on  metals 7,  43 

constant  boiling 60 

division  into  groups 304 

evaporation  of 69 

examination  for 304,  476,  482 

hydrogen  of 2 

ionization  of 8,  10 

neutralisation  of 6 

preparation  of  solution  for  analysis  of 477,  485 

replacement  of  one  acid  by  another 60 

suitable  concentrations 73,  74 

Acids  and  bases,  detection  of 55 

Additive  properties. . .  . ! 3 

Adduction 28 

iEschynite 618 

Affinity  constant 19 

Agate 440 

Albite 87 

Alcohol,  solubility  of  salts  in Ill 

Alkali  group 81,  497 

analysis  of 101,  601 

hydroxides,  concentrations  of 74 

Alkalies,  detection  in  silicates 446,  502 

reactions  of 81,  497 

separation  from  magnesium 101 

Group  III 199 

Alkaline  earths 107 

analysis  of 118 

separation  from  alkalies 101,  118 

Group  II 199 

sulphites 371 

and  thiosulfates 417 
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Alkaline  reaction  of  salts 49,  477,  493 

solutions,  notes  concerning 468,  471,  477,  493 

Allanite 518 

Alio  tropic  modifications 360,  408,  447 

Alloys,  analysis  of 492 

Aluminium 133 

detection  in  the  presence  of  organic  substances 137 

oxide,  method  of  dissolving 138 

hydroxide,  ionization  of 54 

separation  from  other  members  of  Group  III 199,  473 

Alunite 133 

Amethyst 133 

Ammonia.    See  Ammonium. 

equilibrium  with  water 92 

in  drinking  water 94 

Ammonium  carbamate 109 

carbonate 75,  109 

chloride,  use  of 19,  47,  98 

hydroxide,  ionization  of 10,  18,  47 

ions,  effect  on  ionization  of  ammonium  hydroxide 19,  47 

molybdate  reagent 75,  246,  404 

reactions  of 91 

salts,  action  of  strong  bases  on 92 

effect  on  precipitation  of  magnesium 98 

ignition  of 96,  102 

sulfide  group 133,  503 

analysis  of 199,  473 

Amphibole  group  of  minerals 97 

Amphoteric  electrolytes 53 

Amygdalin 330 

Analysis,  chemical 1 

qualitative 1 

quantitative 1 

spectroscopic 122 

systematic 449 

Anatase 165 

Anglesite 108,  217 

Anhydrite 108 

Anions 6,  10 

examination  for 476 

preliminary  examination  for 455,  476,  482 

reactions  of 304 

Annabergite 181,  188 

Anorthite 108 

Antimonic  compounds 261 

Antimonous  compounds 258 

Antimony 257 

separation  from  other  metals  of  H,S  group 289,  292,  296,  472 

trioxide 257,  258 

Apatite 108,  217,  238 
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Paoi 

Aqua  regia 308 

Aragonite 108 

Argentite 298 

ArrhcniuB,  ionization  theory 4, 7 

Arsenic 238 

acid,  reactions 244 

Bettendorff 's  test  for 243 

detection  in  urine,  blood,  milk,  beer,  etc 253 

wall  papers 261,  265 

Gu tacit  test  for 263 

Marsh  test  for 247 

pentoxide 244 

Reinsch  test  for 265 

trioxide 238 

Arsenic-tin  group,  analysis  of 292 

Arscnious  acid,  reactions 240 

Arsenolite 238 

Arsenopyrite 238 

Arsine  (arscniurctted  hydrogen) 248 

Asbestos 97 

Asymmetric  carbon  atom 386 

Atacamite 227 

Augite 97 

Autenricth  and  Windaus,  separation  of  sulfurous,  thiosulfuric  and  hydrosul- 

furic  acids 417 

Available  energy 179 

Azurite 227 

B 

Baddeleyite 505 

Barite 108,  114 

Barium 114 

chloride  test 480 

separation  from  calcium  and  strontium 118,  120 

sulfate,  decomposition  of 116,  467 

Bases.     See  alkalies  and  cations. 

concentration  of 74 

detection  of 55 

hydroxyl  of 2 

ionization  of 10 

neutralization  of 6 

Basic  properties,  cause  of 2 

Bauxite 133 

Bead  teste 65,  452 

Beer,  detection  of  arsenic  in 253 

Benzaldehyde 330 

Beryl 503 

Beryllium 503 

Berzelianite 536,  552 

Berzelius-Marah  test 249 
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Fia 

Bettendorff's  arsenic  teat 243 

Bismite 222 

Bismuth,  reactions 222 

separation  from  other  metals  of  E&  group 288,  290,  295,  471 

subnitrate 223 

Bismuthinite 222 

Bismuthic  acid 223 

Bismuth-sodium  thiosulfate  reaction 84 

Bismutite 222 

Blochmann,  strength  of  reagents 73 

Blondlot-Dusart  test  for  phosphorus 411 

Blood,  detection  of  arsenic  in 253 

Blowpipe  reactions 69,  453 

Bog  ore 150 

Boracic  acid 379 

Borates,  solubility  of 379 

Borax 87,  379 

beads 65,452 

Boric  acid 379 

Braunite 169 

Breakage  of  dishes,  cause  of 60 

Breithauptite 181 

Bromine  (free),  reactions 319 

detection  in  non-electrolytes 319 

presence  of  CI  and  1 328 

Brookite 165 

Brucine  reaction 353,  420 

reagent 420 

Brucite 97 

Bunsen 122,  304 

flame,  parts  of 62 

Bunsenite 181 
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Cacodyl  oxide 363 

Cadmium,  reactions 235 

separation  from  other  metals  of  H*S  group 288,  471 

ammonium  sulfide  group 288 

Cesium,  reactions 497 

separation  from  rubidium  and  lithium 501 

Calamine 195 

Calaverite 555 

Calcite 108 

Calcium,  reactions 107 

carbide 112,  469 

nitride 112 

phosphate,  dissolving  in  acids 27,  48 

phosphide 112,469 

separation  from  Ba  and  Sr 117 
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Calomel 213 

Carbamate  of  ammonium 10ft 

Carbides,  solution  of 469 

Carbon  disulfide,  detection  of 233 

Carbonates,  behavior  on  ignition 377 

solubility  of . . 375 

Carbonic  acid,  ionization  of 9,  10 

reactions 374 

Carborundum 447,  466 

Carnallite 82,  97 

dissociation  of 16 

Carnot,  detection  of  potassium 84 

Carnotite 541 

Caro'8  acid 429 

Cassiterite 265,  467,  505 

Cassius,  purple  of 280,  282 

Cathode 6,  10 

Cations 6,  10 

reactions  of 81,  470 

Caustic  alkali,  detection  in  presence  of  carbonates 493 

Celestite 108,  113 

Ceric  compounds,  reactions 521 

Cerite,  analysis  of 528 

metals 518 

Cerium 519 

Cerous  compounds,  reactions 519 

Cerussite 108,  217 

Chalcedony 440 

Chalcocite 227 

"Chamber  acid" 217 

Charcoal  reductions  before  the  blowpipe 69,  453 

stick  reactions 66,  464 

Chalcopyrite • 227 

Chalk 107 

Chemical  analysis 1 

equilibrium 13 

reaction 1 

Chili  saltpetre 87 

Chloanthite 181 

Chlorates 423 

Chloric  acid,  reactions 423 

detection  in  the  presence  of  HNOi  and  HC1 425 

Chloride,  detection  in  thiocyanates 346 

Chlorides,  behavior  on  ignition 310 

solubility  of 308 

Chlorine  (free),  reactions 312 

detection  in  non-electrolytes 31 1 

presence  of  Br  and  1 326 

silicates 443 

Chloroplatinic  acid  (reagent) 76,  286 
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Chromate,  oxidizing  action  of 32,  146 

Chromate8 143 

Chromic  acid,  reactions 148 

oxidation  by  means  of 32,  146 

compounds,  reactions 141 

Chromite 139 

analysis  of 468 

Chromium 139 

peroxide 140,  147 

separation  of  other  members  of  Group  III 199,  203,  473 

Chromophor 55 

Chromous  compounds,  reactions 140 

Chrysoberyl 503 

Cinnabar 207 

Citrates,  solubility  of 391 

Citric  acid 391 

Claudetite 238 

Claustalite 552 

Clay 133 

Closed-tube  test 65,  68,  450 

Cobalt,  complex  ions  of 25 

detection  in  nickel  salts 194 

hydroxide,  acid  properties  of 189 

reactions 188 

separation  from  other  members  of  Group  III 199,  203,  473 

Cobalticyanic  acid 190,  048 

Cobaltite 188 

Codcln  test  for  selenium 554 

Colloidal  solutions 57 

substances 57,  134,  231,  442,  551 

Colloids 58 

protective 59 

Color  imparted  to  the  flame 65,  454 

Coloradoite 555 

Columbite 531 

Common  ion  effect 46 

Complex  ions 24 

valence  of 25 

salts  and  double  salts 26 

Concentration 9 

changes  and  ionization 18 

in  1 1 1  nl 9 

normal 10 

of  reagents 74 

Conductivity  and  ion  concentration 5 

Conductors  of  electricity 3 

Constant  boiling  acids 60 

Copper 227 

separation  from  other  metals  of  HiS  group 289,  290,  471 

(NH«),S  group 289 
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Corundum 133 

Cream  of  tartar 387 

Crocoite 139,  217 

Crookesite 536 

Cryolite 87,  133 

Cupferron 160, 169 

Cupric  compounds,  reactions 229 

xanthate 232 

Cuprite 227 

Cuproscheelite 649 

Cuprous  compounds,  reactions 228 

xanthate 232 

Cyanates,  solubility  of 364 

Cyanic  acid 364 

Cyanides 331 

behavior  on  ignition 335 

complex  compounds, 24,  154,  190,  198,  232,  332,  335,  341,  348,  468 

decomposition  of 161,  335,  340,  342 

Cyanogen,  complex  compounds  of 24,  154,  190,  198,  232,  332,  335,  341,  348 

compounds,  decomposition  of 161,  335,  340,  342,  468 


Daniell  cell 39,  42,  43 

Daniel's  tetrofluoride  test 444 

"Denige's"  reagent 393 

Detonating  gold 280 

Devarda's  alloy 35 

Deville,  St.  Claire 671 

Diaspore 133,  150 

Dibasic  acids,  ionization  of 8 

Dichromate,  oxidizing  action  of 32,  146 

Dicyanogen 336 

Didymium 630 

Dipheny lamine,  reagent 353,  420 

Dimethylglyoxime 77,  186 

Dissociation,  electrolytic 4 

influence  of  concentration  upon 18 

of  carbonic  acid 9,  10 

carnallite 16 

electrolytes 6,  10 

hydrogen  sulfide 9,  10,  153,  355 

phosphorus  pentachloride 16 

sodium  carbonate 9 

water 10 

Distribution  coefficient 17 

law 17 

Dithionicacid 180 

Division  of  acids  into  groups 304 

metals  into  groups 70 
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Dolomite 97,  108 

Drinking  water,  ammonia  in 94 

nitrous  acid  in 362 

Dry  reactions 62,  460 

Dysprosium 612 

E 

Earths,  rare 503,  512,  518,  524 

Electric  charge  on  ions 5 

Electricity,  transport  of 5 

Electrode 10 

Electrolysis,  explanation  of 5 

Electrolytes 6 

ionization  of 10 

Electrolytic  dissociation 4,  7 

solution  pressure 38 

Electromotive  series 37,  41,  44 

Emerald,  oriental 133 

Emery 133 

Emmonsite 555 

Emplectite 222 

Energy,  free  or  available 179 

Enstatite 97 

Epsomite 97 

Equilibrium  between  a  solid  and  a  liquid 12 

two  liquids 17 

chemical 13 

homogeneous 15 

Equivalents 9 

Erbium,  reactions 512 

Erythrite 188 

Etching  test 435 

Ethyl  acetate 362 

borate 380 

Ethylene  platinous  chloride 286 

Eucairite 652 

Euclase 503 

Europium 512 

Fuxenite 508 

Evaporation  of  acids 59 

Examination,  preliminary 62,  450 

F 

Faraday 6,  10 

Fehling's  solution 230 

Feldspar 82,  133 

Ferberite 550 

Ferric  compounds,  reactions 157 

reduction  of 29,  35,  36,  37,  160 
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Ferricyanic  acid 341,  347 

Ferricyanides 341 

decomposition  on  ignition 161,  342 

Ferrocyanic  acid 338,  347 

Ferrocyanides 338 

decomposition  on  ignition 161,  340 

Ferrous  compounds 152 

oxidation  of 29,  30,  31,  32,  151 

Ferrous  oxide,  detection  in  presence  of  iron 156 

sulfide,  theory  of  dissolving 153 

Filters,  size  of 61 

Filtration 61 

Fischer,  Emil,  detection  of  hydrogen  sulfide 357 

Flame,  colorations 63,  65,  454 

parts  of 62 

reactions 62,  454 

spectra 127 

Fluorcerite 618 

Fluorides,  analysis  of 437,  467 

solubility  of 434 

Fluorine,  detection  in  silicates 436 

Fluorite 108,  433 

Fluosilicic  acid.     See  Hydrofluosilicic  acid. 

Formic  acid 331 

Fosterite 97 

Franklinite 195 

Free  alkali  in  presence  of  carbonates 493 

chlorine 312 

energy 179 

Fulgurator 129,  130 

Fusibility,  test  of 62,  64 


Q 

Gadolinite 508,  512,  528 

Gadolinium 512 

Galena 217 

Galium 539 

Garnet 133 

Garnierite 181 

Gas,  composition  of  illuminating 62 

Gas  spectra 130 

"Gas-water" 330 

General  principles 1 

scheme  of  analysis 470 

Gersdorffite 181 

Glucinum 503 

Gold 278 

detection  of  small  amounts  in  alloys  and  ores 282 

detonating 280 
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Gold  reactions 279 

separation  from  platinum 287 

Gothite 150 

Gram-equivalents 9 

Greenockite 235 

Griess,  Peter,  detection  of  nitrous  acid 352 

Groups,  division  of  acids  into 304 

division  of  metals  into 70 

Guldberg  and  Waage,  " Law  of  Chemical  Mass-action" 15 

Gutzeit  test  for  arsenic 253 

Gypsum 108 

H 

Halite 86 

Halogen  compounds,  insoluble 466 

Halogens,  detection  of  HC1,  HBr,  and  HI  in  the  presence  of  one  another 326 

in  presence  of  cyanide 328 

thiocyanate 345 

oxidizing  action  of 30 

Hausmannite 169 

Heat  colors 64 

of  formation  of  water 7 

Hematite 150 

Hepar  reaction 373,  432,  454 

Holmium 512 

Homogeneous  equilibrium 15 

Hornblende 97 

Horn  silver 298 

Hubncrite 550 

Hyalite 440 

HydrargiUite 133 

Hydrazoic  acid 368 

Hydriodic  acid 321 

detection  in  the  presence  of  HC1  and  HBr 326 

reduction  by 37 

Hydrobromic  acid 317 

detection  in  the  presence  of  HC1  and  HI 32C 

Hydrochloric  acid 306 

detection  in  the  presence  of  HBr  and  HI 326 

HNO.andHClO. 425 

oxidation  by  nitric  acid 307 

peroxides 307 

Hydrochlorplatinic  acid.    See  Chloroplatinic  acid. 

Hydrocyanic  acid 330 

in  presence  of  halogen  and  complex  cyanide 337 

Hydroferricyanic  acid.    See  Ferricyanic  acid. 
Hydroferrocyanic  acid.     See  Ferrocyanic  acid. 

Hydrofluoric  acid 433 

Hydrofluosilicic  acid 438 

Hydrogelc 134 
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Hydrogen  ion,  effects  on  hydrogen  sulfide 48,  153,  197 

of  acids 2 

peroxide 88 

oxidation  by 32 

reduction  of  permanganate 89,  180 

reduction  by 33 

sulfide 366 

as  reducing  agent 36 

detection  in  presence  of  HiSOj  and  H,S,0. 416 

effect  of  hydrogen  ions  on 48 

ionization  of 10,  355 

theory  of  precipitation  by 48,  197 

Hydrolysis 49,  98,  134,  168,  209,  223,  258,  282,  266 

of  ferric  salts 157 

of  titanium  salts 167 

prevention  of 53 

HydroBolo 134 

Hydrosulf uric  acid 356 

Hydroxyl  ions,  detection  in  presence  of  carbonates 493 

of  bases 2 

Hypochlorite  in  presence  of  chlorate 423 

Hypochlorites 314 

Hypochlorous  acid 314 

Hypophosphite8,  solubility  of 366 

Hypophosphorous  acid 366 

Hypovanadic  acid 540 


Illuminating-gas 62 

Ilmcnite 166 

Incrustations,  metallic  and  oxidic 68,  70,  464 

Indicators,  sensitiveness  of 57 

theory  of 55 

Indigo 351,  420,  565 

Indium '. 538 

Infusible  precipitate 210 

Insoluble  halogen  compounds 464,  468 

substances 464 

analysis  of 466 

sulfates,  method  of  attacking 466 

Iodates,  solubility  of 400 

Iodic  acid 400 

Iodide  of  starch 326 

Iodides,  solubility  of 322 

Iodine,  detection  in  non-electrolytes 324 

presence  of  bromine 326 

equilibrium  between  two  solvents 18,  324 

free 324 

reactions  of 326 
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Ion,  definition  of 4,  10 

Ionic  theory 4 

Ions,  complex 24 

concentration  proportional  to  conductivity 5 

electric  charge  on 5 

nomenclature  of 10 

positive  and  negative 4,  11 

reactions  of 28 

Ionization 4,  10 

amphoteric 64 

and  changes  in  concentration 18 

constant 19 

of  dibasic  acids 8 

common  electrolytes 10 

salts  of  weak  acids  or  bases 9 

Iridium 668 

Iridoamium 569 

Iron 150 

detection  in  the  presence  of  ferrous  oxide 156 

rusting  of 152 

separation  from  other  members  of  Group  III 199,  203,  473 

state  of  oxidation  in  original  substance 473 

J 
Jasper 440 

K 

Kaolin 133 

Kermesitc 257 

Kieserite 97 

Klaproth 162 

Krenneritc 555 

L 

Laboratory  reagents 74 

Lacmoid 57 

Lanthanum 518,  523 

Laxmannite 139 

Lead  acetate  (sugar  of  lead) 362 

reactions 217 

separation  from  Ag  and  Hg1 302,  470 

ammonium  sulfide  group 289 

other  metals  of  HiS  group 290,  471 

sulfate,  dissolving  of 222,  467 

Lehrbachite 552 

Lcpidolite 498,  499 

Leuci  iphani  to 503 

Liebigite 162 
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Lime 108 

air-slaked 108 

Limestone 107 

Liroonitc 160 

Liquids,  analysis  of 492 

Litharge 218 

Lithium 499 

separation  from  rubidium  and  cesium 501 

Litmus 57 

Ldllingitc 238 

Lutecium 512 

M 

Magnesia  cement 98 

mixture 77,  403 

Magnesite 97,  108 

Magnesium 97 

ammonium  phosphute,  solubility  of 78,  100 

hydroxide  and  ammonium  salt 98 

reactions 98 

reduction  with 68 

separation  from  alkalies 101,  473 

Magnetite 97,  150 

Malachite 227 

Manganese 169 

separation  from  Ni,  Co,  and  Zn 199,  203,  473 

Manganic  acid 178 

Manganite 169 

Manganites 170 

Manganous  acid 170,  171 

compounds 172 

Marble 107 

Marcasite 150 

Marsh  test  for  arsenic 247,  249 

Mass-action  law 13 

applied  to  hydrolysis  of  bismuth  solutions 223 

ionization 18 

oxidation  and  reduction 39,  41,  45 

precipitation  by  ammonia 19,  98 

hydrogen  sulfide 4S,  153,  197 

Meerschaum 97 

Meliphanite 503 

Melting-points  of  certain  metals 64 

Menaccanite.    See  Ilmcnite 165 

Mercuric  compounds 208 

cyanide,  behavior  of 334 

mercury, separation  from  other  metals  precipitated  by  HiS  289,290, 296,471 

ammonium  sulfide  group  289 

Mercurous  compounds 213 

mercury,  separation  from  Ag  and  Pb 302,  470 
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Mercury 207 

detection  in  urine 215 

the  atmosphere 216 

Metallic  and  oxidic  incrustations 68,  464 

Metalloids.     See  Anions. 

Metals,  division  into  groups 70 

examination  of 492 

general  tables  for  the  examination  of  ... : 470 

preparation  of  solution  for  analysis  for 457,  466 

reactions  of 81 

reducing  action  of 34,  68 

Metaphosphates,  solubility  of 397 

Metaphosphoric  acid 397 

Metastannic  acid 273,  465,  467 

Methyl  orange 55 

Methylene  blue 357 

Mica 82,  133 

Microcosmic  salt.     See  Phosphorus,  salt  of. 

Milk,  detection  of  arsenic  in 253 

Millerite 181 

Millon's  base 94 

Mimetite 108,  217,  238 

Minium 218 

Mitscherlich  test  for  white  phosphorus 409 

Molybdate  of  ammonium 75,  246,  404 

Molybdenite 547 

Molybdenum,  reactions 547 

separation  from  As,  Sb,  and  Sn 549 

Molybdic  acid 547 

Monazite 508,  518 

Monticcllite 97 

Mottramite 541 

Muscovite 82,  133 

Molal  concentration 9 

Mole 7,  9 


N 

Nagyagite 278,  555 

Natron 87 

Naumannite 552 

Negative  and  positive  elements 53 

Neodymium 518,  530 

Nernst  formula 39 

Ncsslcr's  reagent 77,  94,  210 

test 94 

Neutralization  of  acids  and  bases 6,  52 

heat  of 7 

Newjanskit 559 

Niccolitc 181,  238 
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Nickel,  detection  in  cobalt  salts 186 

reactions 182 

separation  from  Mn,  Co,  and  Zn 199,  203,  473 

Bulfide 181,  183 

Niobite 531 

Niobium 531,  533 

separation  from  tantalum 535 

Nitrates,  solubility  of 419 

Nitric  acid,  detection  in  the  presence  of  nitrous  acid 421 

HCIO,  andHCl 425 

oxidation  with 31 

of  hydrochloric  acid 307 

reactions 419 

Nitrides 469 

Nitrites,  solubility  of 350 

Nitrogen,  detection  in  organic  compounds v 336 

Nitron,  reaction  with  nitric  acid 421 

Nitroprusside  test 357 

Nitrose 350 

Nitrosoplatinic  chloride 285 

Nitrosyl  chloride 307 

sulfuric  acid 350 

Nitrous  acid,  detection  in  the  presence  of  HNOa 421 

reactions 349 

Nomenclature  of  ions 10 

Non-conductors 3 

Non-electrolytes 6 

Non-metallic  substances,  examination  of 450 

Normal  solutions 10 

Noumeite 181 


O 

Odor,  testing  the 1 

Olivine 97 

Onofrite 552 

Organic  matter,  removal  of 138,  181,  251,  253,  255,  473 

substances,  tests  for  halogens,  sulfur,  etc 311,  319,  359 

Oriental  emerald 133 

topa* 133 

Orpimcnt 238 

Orthitc 518 

Orthoclase 133 

Osmic  acid 564 

Osmiridium 559 

Osmium,  reactions 564 

Osmotic  pressure 37 

Overvoltage 42 

Oxalates,  !>ohnvior  on  ignition 385 

soluhility  of 383 
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Oxalic  acid 383 

detection  in  preliminary  examination • 451,  456 

oxidation  by  permanganate 180 

Oxidation,  and  reduction  in  vitreous  fluxes 65,  452 

by  chromic  acid 32,  146 

halogens 30 

hydrogen  peroxide 32 

nitric  acid 31 

permanganic  acid 31 

definition  of 28 

of  one  molecule  at  expense  of  another  similar  one 179 

HC1  by  HNO, 307 

peroxides 307 

potentials 42 

Oxide  incrustations 68,  70,  454 

Ozone 90 


P 

Palladia  compounds 562 

Palladium 559 

Palladodiamine  chloride 561 

Palladosamine  chloride 561 

Fallacious  compounds 560 

Partition  law 17 

Perboric  acid 382 

Percartwnic  acid 378 

Perchloric  acid 426 

Perchromic  acid 140,  147 

Periodic  grouping  of  the  elements 72 

Permanganates.     Sec  Permanganic  acid. 

Permanganic  acid 178 

oxidation  by 31,  180 

Perowskit 165 

Peroxide  of  hydrogen 88 

sodium 87 

Peroxides,  dissolving  of 468 

test  for 493 

Persulfuric  acid 428 

Pervanadic  acid 542,  544 

Petallite 499 

Phases 15 

Phenacite 503 

Pbenolphthalein 56 

Phosphates,  solubility  of 403 

Phosphides,  dissolving  of 469 

Phosphites 394 

Phosphoric  acid,  detection  in  preliminary  examination 472 

react  ions 403 

Phosphorous  acid,  reactions 394 
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Phosphorus 408 

detection  according  to  BlondlotrDusart 411 

Mitecherlich 409 

in  iron  and  steel 405 

pentachloride,  dissociation  of 16 

salt  of 65,  406,  452 

Physical  behavior  of  solutions 3 

Pitch-blende 162 

Platinic  chloride.    See  Chloroplatinic  acid. 

Platinum,  metals 559,  570,  572 

reactions 284 

residues,  treatment  of 286 

separation  from  gold 287 

Plattnerite 505 

Plumbic  acid 218 

Pocket  spectroscope 131 

Polianite 169,  265,  505 

Pollucite 497 

Positive  and  negative  elements 53 

Potash 82 

Potassium  acid  sulfate  fusion 138,  165,  467 

tartrate 78,  83,  388 

chloroplatinate,  solubility  of 79,  83 

mercuric  iodide 77,  94,  210 

percarbonate 180,  378 

pcrsulfatc 428 

pyroantimonate 77,  262 

pyrosulfate,  fusion  with 138,  165,  467 

reactions 82 

reduction  with , 68 

Potentials,  oxidation 40,  42 

reduction 38,  40,  44 

Powellite 547,  549 

Praseodymium 518,  530 

Precipitates,  washing  of 61 

Preliminary  examination 450,  455 

Principles,  general 1 

Protective  colloids 59 

Proustite 238,  298 

Prussian  blue 159 

Prussiate  of  potash,  yellow 338 

red 341 

Prussic  acid 330 

Purple  of  Cass  i  us 280,  282 

Pyrargyritc 257.  298 

Pyrite 150.  357 

Pyrochlore 508 

Pyrolusite 169 

Pyromorphite 108,  217 

Pyrophosphates,  solubility  of 399 
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Pyrophosphoric  acid,  reactions 399 

Pyrosulfate  of  potassium,  fusion  with 138,  165,  467 

Pyroxene-amphibole  group  of  minerals 97 


Qualitative  analysis 1 

Quantitative  analysis 1 

Quartz 440 

R 

Radium 602 

Rare  earths,  reactions 603,  612,  518,  524 

elements 497 

in  rocks 545 

Reaction,  definition 1 

tendencies 26,  52 

types 26 

Reactions,  in  the  dry  way 1,  62 

wet  way 1 

reversible 14 

sensitiveness  of 78 

used  for  qualitative  analysis 1 

Reagent 1 

Reagents,  concentration  of 74 

Realgar 238 

Red  lead 218 

Reduction  by  Devarda's  alloy 35 

hydriodic  acid 37,  322 

hydrogen 34 

peroxide 33 

sulfide 36,  358,  471 

metals 34 

stannous  chloride 36 

sulfurous  acid 35,  371 

definition  28 

in  a  glass  tube 68 

upper  reducing  flame 68 

on  charcoal 69,  453 

stick 66,  464 

potentials 38,  40,  44 

with  sodium,  potassium,  and  magnesium 6S 

Reinite 549 

Reinsch  arsenic  test 255 

Reversible  reactions 14 

Rhodium 562 

Rhodoehrosite 108,  169 

Rinmann's  green 199 

Rochelle  salt 387 

Rock  salt. 86 
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Rubidium,  reactions 498 

separation  from  lithium  and  cesium 501 

Ruby 133 

Rusting  of  iron 151 

Ruthenium  reactions 566 

Rutile 165,  169 


St.  Claire  Deville 571 

Salt  of  phosphorus  beads 65,  406,  452 

solutions,  concentrations  of 75 

Saltpetre 82 

Salts,  hydrolysis  of 49 

ionization  of 10 

solubility  table  of 458 

Samarium 531 

Samorskite 162,  508 

Sapphire 133 

Saturated  solutions 12,  37 

Scandium 512 

Schcclite 549 

Selenic  acid,  reactions 554 

Selenious  acid,  reactions 553 

Selenium 552 

and  tellurium  in  ores 558 

test  for,  in  sulf uric  acid 554 

Scnarmontite 257 

Sensitiveness  of  reactions 78 

Separation  of  the  acids 476,  482 

cerite  metals 528 

five  metal  groups  from  one  another 470 

gold  from  platinum 287 

metals  of  Group  1 302,  470 

Group  II 287,  471 

Group  III 199,  203,  472,  473 

Group  IV 118,  120,  122,  473 

Group  V 101,  104,  106,  473 

platinum  metals 670 

Serpentine 97 

Siderite 108,  150 

Silicates 440,  441 

decomposition  by  fluxes 445 

with  HF 446 

dccomiwsable  by  acids 444 

undecomposublp  by  acids 445 

water-soluble 442 

Silicic  acid 440 

Silicon 447 

detection  in  iron  and  steel 447 
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Silver  chloride,  dissolving  of 20 

complex  ions  of 24 

nitrate  test 479 

reactions 298 

separation  from  lead  and  mercury 302,  470 

telluride 556 

Skeleton  bead 446,  463 

Skutterudite 188 

Smaltite 188,  238 

Smithsonite 108,  195 

Soda-nitre 87 

Sodium,  carbonate,  ionization  of 9 

cobaltinitrite,  reagent 77,  86 

nitroprusside 357 

peroxide 87 

reactions 86 

reduction  with 68 

xant  hate 233 

Solid  and  non-metallic  substances 450 

Solubilities  and  solubility  products 20,  22,  462 

table 458 

Solution  of  the  substance 457,  468,  477 

insoluble  substances 464,  466 

pressure 37 

electrolytic 38 

Solutions,  analysis  of 492 

chemical,  electrical  and  physical  behavior  of 3 

colloidal 57 

saturated  and  super-saturated 12,  37 

Smell,  sense  of 1 

Spark  spectra 129 

Special  reagents 77 

Spectrograph 132 

Spectrometer 128 

Spectroscope 123 

Spectroscopic  analysis 122 

Spectrum,  measuring  the  lines  of 127 

Sphalerite 195 

Spinel 97 

Spodumene 498 

Stannic  acid 273 

compounds 270 

b-Stannic  compounds 273 

Stannous  chloride,  reduction  with 36 

compounds 266 

Stannyl  chloride 273 

Starch  and  potassium  iodide  reagent 77,  90 

Sterco-isomeric  compounds 386 

Steatite 97 

Stibnite 257 


INDEX  595 

PjUM 

Stolzite 217,  649 

Strength  of  reagents 73 

Strontianite 108,  113 

Strontium,  reactions 113 

separation  from  Ba  and  Ca 117,  121,  122,  473 

Sulfates,  solubility  of 431 

Sulfide,  detection  in  presence  of  sulfite  and  thiosulfite 416 

precipitation,  theory  of 48,  197 

Sulfides,  behavior  on  ignition 358 

solubility  of 356 

Sulfites  of  alkaline  earths,  solubility  of 371,  417 

Sulfocyanates.    See  Thiocyanates. 
Sulfocyanic  acid.     See  Thiocyanic  acid. 

Sulfur 360 

dioxide,  preparation  of 369 

Sulfuretted  hydrogen.     See  Hydrosulfuric  acid. 

Sulfuric  acid,  ionization  of 8,  10 

reactions 431 

tests  for  selenium  in 554 

Sulfurous  acid,  detection  in  the  presence  of  H,S,Oi  and  HjS 416 

reactions 369 

reduction  by 35 

Supersaturated  solution 12 

Sylvanitc 278,  555 

Sylvitc 82 

Sysserskit 569 


T 

Talc 97 

Tantalitc 631 

Tantalum,  reactions 532 

separation  from  niobium 535 

Tartar  emetic 259,  387 

Tartaric  acid 386 

Tartrates,  solubility  of 387 

Taste,  sense  of 2 

Telluric  acid,  reactions 557 

Tellurium 555 

and  selenium  in  ores 668 

Tellurous  acid,  reactions 556 

Terbium 512 

Thallic  compounds 537 

Thallium,  reactions 536 

Thallous  compounds 536 

Thenard's  blue 139 

Thermonatrite 87 

Thiocyanic  acid 343 

in  presence  of  ferrocyanide  and  ferricyanide 347 

Thiosulfate-i,  solubility  of ...  .            413 
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Thiosulf  uric  acid,  in  presence  of  sulfurous  acid  and  hydrogen  sulfide 416 

reactions '. .     413 

Thorium 508 

Thorianite 608 

Thorite 608 

Thulium 512 

Tiemannite 552 

Tin,  reactions 265 

separation  from  copper  group 289,  294,  471 

Tinkal 87,  379 

Tinstone 265,  277,  464,  467,  605 

Titanite 165 

Titanium  dioxide,  analysis  of 467 

reactions 165 

Topaz 133 

oriental 133 

Touch,  sense  of 2 

Tremolite 97 

Trona 87 

Tungsten,  reactions 549 

Tungstic  acid 550 

Turmeric 57,  77,  381,  507 

Turnbull's  blue 155 

Turquoise 133 

U 

UUmanite 181 

Ultra-red  rays 126 

Ultra-violet  rays 126 

Uranite 162 

Uranium 162 

separation  from  Fe,  Al,  and  Cr 199,  203,  473 

Uranyl  compounds 163 

Urea,  decomposition  of 91,  353,  422 

Urine,  detection  of  arsenic  in 253 

mercury  in 215 


V 

Valentinite 257 

Vanadic  ncid 542 

Vanadinite 108,  217, 541 

Vanadium 541 

detection  in  rocks 545 

Vanadyl  salts 541 

Vivianitc 150,  188 

Volatile  substances 451 

Volatility  test 65,  451 
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Xanthates 232 

Xenotime 518 
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Ytterbium 512 
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Zinc,  overvoltage  of 42 
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separation  from  Mn,  Ni,  Co,  and  Zn 199,  203,  473,  475 

Zincitc 195 

Zinc  sulfide,  precipitation  of 48,  197 

Zircon 505 

Zirconium 605 
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